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OBJECTS    AND    RULES 

OF 

THE  ASSOCIATION. 


OBJECTS. 

Thi  Assocution  contemplates  no  interference  with  the  ground  occupied  m 
by  other  institutions.  Its  objects  are : — To  give  a  stronger  impulse  and 
a  more  systematic  direction  to  scientific  inquiry, — to  promote  the  inter- 
course of  those  who  cultivate  Science  in  different  parts  of  the  British 
Empire,  with  one  another  and  with  foreign  philosophers, — to  obtain  a 
more  general  attention  to  the  objects  of  Science,  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress. 

BULES. 

Admission  of  Members  and  Associates. 

All  persons  who  have  attended  the  first  Meeting  shall  be  entitled 
to  become  Members  of  the  Association,  upon'  subscribing  an  obligation 
to  conform  to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical 
Societies  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled, 
in  like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees, 
of  Philosophical  Institutions  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Coun- 
cil or  Managing  Committee  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the 
Oeneral  Committee  or  Council  to  become  Life  Members  of  the  Asso- 
ciation, Annual  Subscribers,  or  Associates  for  the  year,  subject  to  the 
approval  of  a  Oeneral  Meetiug. 

Compositions,  SviscriptionSy  aTid  Privileges. 

Life  Msmbbbs  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  gratuitotuly  the-  Reports  of  the  Association  which  may  be 
published  after  the  date  of  such  payment.  They  are  eligible  to  all  the 
offices  of  the  Association. 

Annual  Subscribers  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Pound.    They  shall  receive 
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gratuitously  fche  Reporto  of  ihe  Associaiion  for  the  year  of  their  admission 
and  for  the  years  in  which  the^r  continue  to  pay  without  iniermisnon  their 
Annual  Subscription.  By  omitting  to  pay  this  snbsoription  in  any  par- 
ticnlar  year  Members  of  this  class  (Annual  Sabscribers)  lose  for  that  and 
aU  future  years  the  privilege  of  receiving  the  volames  of  the  Association 
gratis ;  but  they  may  resume  their  Membership  and  other  privileges  at  any 
subsequent  Meeting  of  the  Association,  paying  on  each  such  occasion  the 
sum  of  One  Pound.  They  are  eligible  to  all  the  offices  of  the  Association. 
Associates  fot  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  184G,  or  in  subsequent  years,  have  paid  on 
admission  Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  sobject  to 
the  payment  of  One  Pound  annually.  [May  resume  their  Membership  after 
intermission  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the 
payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
following  year.  [May  resume  their  Membership  after  intermission  of 
Annual  Payment.] 

5.  Associates  for  the  year,  subject  to  the  pa3'ment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

Members  and  Associates  will  be  entitled  to  receive  the  annual  volume 
of  Reports,  gratis^  or  to  purchase  it  at  reduced  (or  Members*)  price, 
according  to  the  following  specification,  viz. : — 

1.  Gratis, — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo* 

sitiou  for  Annual  Payments,  and  previous  to  1845  a  further 

sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845| 

a  further  sum  of  Five  Pounds. 
New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 
Annual  Members  wlw  have  not  intermitted  their  Annual  Sub* 

scription. 

2.  At  reduced  or  Members*  Price^  viz.,  two-thirds  of  the  Publication  Price. 

— 'Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  but  no  further  sum  as  a  Book 
Subscription. 

Annual  Members  who  have  intermitted  their  Annual  Subscription. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  volumes  of  the  Reports  of  the  Association  up  to  1874, 
of  which  more  than  15  copies  remain^  at  2s.  6d.  per  volume.* 

Application  to  be  made  at  the  Office -of  the  Association. 
Volumes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direction  of  the  Council. 

'  A  few  complete  sets,  1831  to  1874,  are  on  sale  at  if  10  the4«0t.        j 
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Meetingsi, 

The  Asaooiatioii  shaU  meet  ftnnualljr,  for  otie  week,  or  longer.  Tie 
place  of  each  Meeting  dhall  be  appointed  by  the  Qeneral  Committee  not 
ma  tbaa  two  years  in  advance ; '  and  the  arrangements  for  it  shall  be 
entrusted  to  the  Officers  of  the  Association. 

General  Committee. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer^  to  transact  the  basiness  of  the  Association.  It  shall  consist  of  the 
following  persons  :— 

Class  A.    Psbmanibkt  Members. 

1.  ^[embers  of  the  Conncil,  Presidents  of  the  Association,  and  Freei* 
dents  of  Sections  for  the  present  and  preceding  years,  with  Authors  cf 
Reports  in  the  Transactions  of  the  Association . 

2.  Members  who  by  the  publication  of  Works  or  Papers  have  fur- 
thered the  advancement  of  those  subjects  which  are  taken  into  considera- 
tion at  the  Sectional  Meetings  of  the  Association.  With  a  view  of  suh- 
fluUmg  new  claims  under  this  Bute  to  the  decision  of  the  Council,  they  must  he 
sent  to  the  Assistant  Secretary  at  least  one  month  before  the  Meeting  of  the 
Association,  The  decision  of  the  Council  on  the  claims  of  any  Member  of  the 
Association  to  he  placed  on  the  list  of  the  Qeneral  Committee  to  be  final. 

Class  B.    Temporary  Members.' 

1.  Delegates  nominated  by  the  Corresponding  Societies  under  the 
conditions  hereinafter  explained.  Claims  under  this  Bute  to  be  sent  to  the 
Assistant  Secretary  before  the  opening  of  the  Meeting, 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogether  not  ex- 
oeeding  three,  from  Scientific  Institutions  established  in  the  place  of 
Meeting.  Claims  under  this  Rule  to  be  approved  by  the  Local  Secretaries 
before  the  opening  of  the  Meeting, 

8.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  Preeident  and  Oeneral  Secretaries. 

4.  Vice-Presidents  and  Secretaries  of  Sections. 

Conetitutian  of  the  Sectional  Committees** 

(i)  The  President,  Vice-Presidents,  and  Secretaries  of  a  Section  are 
appointed  by  the  Council  in  November  or  December.  They  foi-m,  with 
the  existing  members  (see  (ii)  and  (vi) ),  the  Committee,  which  has  the  duty  of 
ol^aining  information  upon  the  Memoirs  and  Reports  likely  to  be  sub- 
mitted to  the  Section  at  the  next  meeting,  of  preparing  a  report  thereon, 
of  generally  oi^ganising  the  business  of  the  Section,  and  of  bringing  before 
die  Council  any  points  which  they  think  deserving  of  consideration.^ 

■  BeviBed  by  the  General  Committee,  Liyerpool,  1896. 
«  BaTiied,  Montreal,  1884. 

*  Adopted  by  the  General  Committee  at  Cambridge,  l904. 

*  Nicies  to  Qmtrihutort  of  ifmmr«.— Authors  are  reminded  that,  under  an 
anaDgement  dating  from  l87l,  the  acceptanoe  of  Memoirs,  and  the  days  on  which 
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(ii)  The  Sectional  Presidents  of  former  years  are  ex-officlo  members  of 
these  Committees. 

(iii)  The  Sectional  Committees  may  hold  such  meetings  as  they  think 
proper  for  the  organisation  of  the  business,  but  shall,  under  any  circum- 
stances, meet  on  the  first  Wednesday  of  the  Annual  Meeting  at  2  p.m. 
for  the  appointment  of  additional  Members  and  other  business. 

Any  member  who  has  served  on  the  Committee  in  previous  years,  and 
who  has  intimated  his  intention  of  being  present  at  the  Meeting,  is  eligible 
for  election  as  a  Member  of  the  Committee  at  its  first  meeting. 

(iv)  The  Sectional  Committees  shall  have  power  to  add  to  their  number 
from  day  to  day  during  the  Annual  Meeting,  but  it  is  not  desirable  for 
them  to  be  larger  than  is  necessary  for  efficiency ;  they  have  also  the 
power  to  elect  not  more  than  three  Vice-Presidents  at  any  time  during 
the  meeting,  in  addition  to  those  appointed  by  the  Council. 

(v)  The  List  formed  during  the  Annual  Meeting  is  to  be  entered 
daily  in  the  Sectional  Minute- Book,  and  a  copy  forwarded  without  delay 
to  the  Printer,  who  is  charged  with  publishing  the  same  befose  8  a.m.  on 
the  next  day  in  the  Journal  of  the  Sectional  Proceedings. 

(vi)  Before  the  close  of  the  Annual  Meeting  each  Sectional  Committee 
is  to  nominate  six  members  of  the  Association  to  form  the  nucleus  of  the 
Committee  for  the  succeeding  year,  and  forward  a  list  of  the  six  names  to 
the  Assistant  Secretary  of  the  Association. 

Included  in  the  six  names  should  be  the  existing  President  of  the 
Section,  or  one  of  the  Vice-Presidents,  and  one  of  the  existing  Secretaries. 

It  will  be  the  duty  of  these  Members  to  transact  the  business  of 
the  Committee  until  the  officers  of  the  Section  for  the  ensuing  year  are 
appointed  by  the  Council,  and  thus  become  the  officers  of  the  Committee 
(see  (i) ). 

Business  of  the  Sectional  Committees. 

Committee  Meetings  are  to  be  held  on  the  Wednesday,  and  on  the 
following  Thursday,  Friday,  Saturday  (optional),  Monday,  and  Tuesday, 
for  the  objects  stated  in  the  Bales  of  the  Association.  The  Committee  of 
a  Section  is  empowered  to  arrange  the  hours  of  meeting  of  the  Section 
and  the  Sectional  Committee. 

The  business  is  to  be  conducted  in  the  following  manner : — 
At  the  first  meeting,  one  of  the  Secretaries  will  read  the  Minutes  of 
last  year's  proceedings,  as  recorded  in  the  Minute-Book,  and  the  Synopsis 
of  Recommendations  adopted  at  the  last  Meeting  of  the  Association 

they  are  to  be  read,  are  now  as  far  as  possible  determined  by  the  SectioDal  Com- 
mittees before  the  heginnvng  of  the  Mveting.  It  has  therefore  become  necessary, 
in  order  to  give  an  opportunity  to  the  Committees  of  doing  justice  to  the  several 
Communications,  that  each  author  should  prepare  an  Abstract  of  his  Memoir  of  a 
length  suitable  for  insertion  in  the  published  Transactions  of  the  AssooiatioD, 
and  that  he  should  send  it,  together  with  the  original  Memoir,  by  book- post,  on  or 

before ,  addressed  to  the  General   Secretaries,  at  the  ofiice  of 

the  Association.     *  For  Section '    If  it  should  be  inconvenient  to  the  Author 

that  his  paper  should  be  read  on  any  particular  days,  he  is  requested  to  send  in- 
formation thereof  to  the  Secretaries  in  a  separate  note.  Authors  who  send  in  their 
MSS.  three  complete  weeks  before  the  Meeting,  and  whose  papers  are  accepted, 
will  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Reports  and 
abstracts.  No  Report,  Paper,  or  Abstract  can  be  inserted  in  the  Annuai  Volume 
onlsss  it  is  handed  either  to  the  Recorder  of  the  Section  or  to  the  Assistant-  Secre- 
tary before  the  o&nclttsum  of  the  Meeting.  ^^  ^  ^  ^^T  ^ 
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and  printed  in  the  ]ust  volmne  of  the  Report.  He  will  next  proceed  to 
read  the  Report  of  the  Committee  that  has  held  office  since  the  last  Annual 
Meeting.  No  paper  shall  be  read  until  it  has  been  formally  accepted  by 
the  Committee  of  the  Section,  and  entered  on  the  minutes  accordingly. 
The  List  of  Communications  to  be  read  on  Thursday  shall  be  then 
arranged,  and  the  general  distribution  of  business  throughout  the  week 
shall  be  provisionally  appointed.  At  the  close  of  the  Committee  Meeting 
the  Secretaries  shall  forward  to  the  Printer  a  List  of  the  Papers  appointed 
to  be  read.  The  Printer  is  charged  with  publishing  the  same  before 
8  A.M.  on  Thursday  in  the  Journal. 

On  the  second  day  of  the  Annual  Meeting,  and  the  following  days, 
the  Secretaries  are  to  prepare  a  copy  of  the  Journal  for  the  following  day 
by  (i)  removing  from  the  list  of  papers  those  which  have  been  read  on 
that  day  ;  (ii)  making  any  needful  additions  to  or  corrections  in  the  list 
of  those  appointed  to  be  read  on  following  days  ;  (iii)  revising  the  list  of 
the  Sectional  Committee,  and-  making  any  other  necessary  corrections, 
and  to  send  this  copy  of  the  Journal  as  early  in  the  day  as  possible  to 
the  Printer,  who  is  charged  with  printing  the  same  before  8  a.h.  next 
morning  in  the  Journal.  It  is  necessary  that  one  of  the  Secretaries  of 
each  Section  (generally  the  Recorder)  should  call  at  the  Printing  Office 
and  revise  the  proof  each  evening. 

Minutes  of  the  proceedings  at  each  Meeting  of  the  Committee  are  to  be 
entered  in  the  Minute-Book,  and  these  Minutes  should  be  confirmed  at 
the  next  meeting  of  the  Committee. 

Lists  of  the  Reports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minute-Book  daily,  which,  with  all  Memoirs  and  Copies  or  Abstracts 
of  Memoirs  furnished  by  Authors,  are  to  be  forwarded,  at  the  close  of  the 
Sectional  Meetings,  to  the  Assistant  Secretary  of  the  Association. 

The  Vice-Presidents  and  Secretaries  of  Sections  become  ex  officio 
temporary  Members  of  the  General  Committee,  and  wiU  receive,  on 
application  to  the  Treasurer  in  the  Reception  Room,  tickets  entitling 
them  to  attend  its  Meetings. 

The  Committees  will  ta^e  into  consideration  any  suggestions  which  may 
be  offered  by  their  Members  for  the  advancement  of  Science.  They  are 
specially  requested  to  review  the  recommendations  adopted  at  preceding 
Annual  Meetings,  as  published  in  the  volumes  of  the  Association,  and  the 
communications  made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
selecting  definite  points  of  research  to  which  individual  or  combined 
exertion  may  be  usefully  directed,  and  branches  of  knowledge  on  the 
state  and  progress  of  which  Reports  are  wanted ;  to  name  individuals  or 
Committees  for  the  execution  of  such  Reports  or  researches  ;  and  to  state 
whether,  and  to  what  degree,  these  objects  may  be  usefully  advanced  by 
the  appropriation  of  the  funds  of  the  Association,  by  application  to 
Government,  Philosophical  Institutions,  or  Local  Authorities. 

Tn  case  of  appointment  of  Committees  for  special  objects  of  Science 
it  is  expedient  that  all  Members  of  the  Committee  shoald  be  named,  and 
one  of  them  appointed  to  act  as  Chairman,  who  shall  have  notified  per- 
sonally or  in  writing  his  willingness  to  accept  the  office,  the  Chairman  to 
have  the  responsibiHty  of  receiving  and  disbursing  the  grant  (if  any  has 
been  made)  and  securing  the  presentation  of  the  report  in  due  time  ;  and, 
further,  it  is  expedient  that  one  of  the  members  should  be  appointed  to 
act  as  Secretary,  for  ensuring  attention  to  business. 

It  is  desiraUe  that  the  number  of  Members  appointed  to  servai^n 
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a  Committee  should   be  as  small  as    is  consistent  with  its    efficient 
working. 

A  tabular  list  of  the  Committees  appointed  on  the  recommendation 
of  each  Section  shall  bo  sent  each  year  to  the  Recorders  of  the 
several  Sections,  to  enable  them  to  fill  in  the  statement  whether  or  no  the 
several  Committees  appointed  on  the  recommendation  of  their  respective 
Sections  have  presented  their  reports. 

On  the  proposal  to  recommend  the  appointment  of  a  Committee 
for  a  special  object  of  science  baving  been  adopted  hy  the  Sectional 
Committee,  the  number  of  Members  of  such  Committee  shall  be  then 
fixed,  but  the  Members  to  serve  on  such  Committee  shall  be  nominated 
and  selected  by  the  Sectional  Committee  at  a  subsequent  meeting. 

Committees  have  power  to  add  to  their  number  personp,  being  Members 
of  the  Association,  whose  assistance  they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to 
be  registered  on  the  Forms  furnished  to  their  Secretaries,  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  Assistant  Secretary  of  the 
Association  for  presentation  to  the  Committee  of  Becommendations. 
Unless  this  he  done^  the  BecommendoUtons  cannot  receive  the  sanction  of  the 
Association, 

N.6. — ^Becommendations  which  may  originate  in  any  one  of  the  Sections 
must  first  be  sanctioned  by  the  Committee  of  tbat  Section  before  they  can 
be  referred  to  the  Committee  of  Becommendations  or  confirmed  by  the 
Ganeral  Committee. 


Notices  regarding  Grants  of  Money} 

1.  No  Committee  shall  raise  money  in  the  name  or  under  the  auspices  of 

the  British  Association  without  special  permission  from  the  General 
Committee  to  do  so ;  and  no  money  so  raised  shall  be  expended 
except  in  accordance  with  the  Bules  of  the  Association. 

2.  In  grants  of  money  to  Committees  the  Association  does  not  contem- 

plate the  payment  of  personal  expenses  to  the  Members. 

3.  Committees  to  which  grants  of  money  are  entrusted  by  the  Association 

for  the  prosecution  of  particular  Researches  in  Science  are  ap- 
pointed for  one  year  only.  If  the  work  of  a  Committee  cannot  be 
completed  in  the  year,  and  if  the  Sectional  Committee  desire  the 
work  to  be  continued,  application  for  the  reappointment  of  the 
Committee  for  another  year  must  be  made  at  the  next  meeting  of 
the  Association. 

4.  Each  Committee  is  required  to  present  a  Report,  whether  final  or  in- 

terim, at  the  next  meeting  of  the  Association  after  their  appoint- 
ment or  reappointment.  Interim  Reports  must  be  submitted  in 
writing,  though  not  necessarily  for  publication. 

5.  In  each  Committee  the  Chairman  is  the  only  person  entitled  to  call 

on  the  Treasurer,  Professor  John  Ferry,  F.R.S.,  for  such  portion 
of  the  sums  granted  as  may  from  time  to  time  be  required. 

6.  Grants  of  money  sanctioned  at  a  meeting  of  the  Association  expire  on 

June  30  following.  The  Treasurer  is  not  authorised  after  that 
date  to  allow  any  claims  on  account  of  such  grants. 


^  Revised  by  the  General  Committee  at  Ipswich,  1895. 
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7.  The  ChMrman  of  a  Oommiitee  mast,  before  the  meeting  of  the  Asso- 

ciation next  following  after  the  appointment  or  reappointment  of 
the  Committee,  forward  to  the  Treasurer  a  statement  of  the  snms 
which  have  been  received  and  expended,  with  vouchers.  The 
Chairman  must  also  return  the  balance  of  the  grant,  if  any,  which 
has  been  received  and  not  spent ;  or,  if  further  expenditure  is  con- 
templated, he  must  apply  for  leave  to  retain  the  balance. 

8.  When  application  is  made  for  a  Committee  to  be  reappointed,  and  to 

retain  the  balance  of  a  former  grant  which  is  in  the  hands  of  the 
Chairman,  and  also  to  receive  a  farther  grant,  the  amount  of  such 
further  grant  is  to  be  estimated  as  being  additional  to,  and  not 
inclusive  of,  the  balance  proposed  to  be  retained. 
D.  The  Committees  of  the  Sections  shall  ascertain  whether  a  Report  has 
been  made  by  every  Committee  appointed  at  the  previous  Meeting 
to  whom  a  sum  of  money  has  been  granted,  and  shall  report  to  the 
Committee  of  Recommendations  in  every  case  where  no  such 
report  has  been  received . 

10.  Members  and  Committees  who  may  be  entrusted  with  sums  of  money 

for  collecting  specimens  of  any  description  are  requested  to  re- 
serve the  specimens  so  obtained  to  be  dealt  with  by  authority  of 
the  Council. 

11.  Committees  are  requested  to  furnish  a  list  of  any  apparatus  which 

may  have  been  purchased  out  of  a  grant  made  by  the  Associatioui 
and  to  state  whether  the  apparatus  will  be  useful  for  continuing 
the  research  in  question,  or  for  other  scientific  purposes. 

12.  All  Instruments,  Papers,  Drawings,  and  other  property  of  the  Asso- 

ciation are  to  be  deposited  at  the  Office  of  the  Association  when 
not  employed  in  scientific  inquiries  for  the  Association. 


Buaineaa  of  the  Sections. 

The  Meeting  Boom  of  each  Section  is  opened  for  conversation  shortly 
before  the  meeting  commences.  The  Section  Rooms  and  approaches  therelo 
can  be  used  for  no  notices^  exJnbitions,  or  other  purposes  than  those  of  ilie 
AMtoeiation. 

At  the  time  appointed  the  Chair  will  be  taken,*  and  the  reading  of 
communications,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  the  desire  of  the  Committees, divide  themselves  into 
Departments,  as  often  as  the  number  and  nature  of  the  communicatiors 
delivered  in  may  render  such  divisions  desirable. 

A  Report  presented  to  the  Association,  and  read  to  the  Section  which 
originally  called  for  it,  may  be  read  in  another  Section,  at  the  request  of 
tlie  Officers  of  that  Section,  with  the  consent  of  the  Author. 


Duties  of  the  Doorkeepers. 

1.  To  remain  constantly  at  the  Doors  of  the  Rooms  to  which  they  are 
appointed  during  the  whole  time  for  which  they  are  engaged. 

>  The  Sectional  Committee  is  empowered  to  arrange  the  hours  of  meeting^of 
the  Section  and  of  the  Sectional  Committee,  except  for  Saturday.    ^  o 
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2.  To  require  of  every  person  deeirons  of  entering  the  Booms  the  ex- 

hibition of  a  Member's,  Associate's,  or  Lady's  Ticket,  or  Reporter's 
Ticket,  signed  by  the  Treasarer,  or  a  Special  Ticket  signed  by  the 
Assistant  Secretary. 

3.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 

to  any  particular  Boom  by  order  of  the  Secretary  in  that  Boom. 

No  person  is  exempt  from  these  Rules,  except  those  Officers  of  the 
Association  whose  names  are  printed  in  the  Official  Programme,  p.  1. 

Duties  of  the  Messengers. 

To  remain  constantly  at  the  Booms  to  which  they  are  appointed  dur- 
ing the  whole  time  for  which  they  are  engaged,  except  when  employed  on 
messages  by  one  of  the  Officers  directing  these  Rooms. 

Committee  of  Recqm/m^idations. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee, 
which  shall  receive  and  consider  the  Becommendations  of  the  Sectional 
Committees,  and  report  to  the  General  Committee  the  measures  which 
they  would  advise  to  be  adopted  for  the  advancement  of  Science. 

The  ex  officio  members  of  the  Committee  of  Recommendations  are  the 
President  and  Vice-Presidents  of  the  Meeting,  the  General  Secretaries, 
the  General  Treasurer,  the  Trustees,  and  the  Presidents  of  the  Association 
m  former  years. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects  shall  be  submitted  to  the 
Committee  of  Recommendations,  and  shall  not  be  taken  into  considera- 
tion by  the  General  Committee  unless  previously  recommended  by  the 
Committee  bf  Recommendations. 

All  proposals  for  establishing  new  Sections,  or  altering  the  titles  of 
Sections,  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rales  of  the  Association,  shall  be  referred  to  the  Committee  of 
Elecommendations  for  a  report.^ 

If  the  President  of  a  Section  is  unable  to  attend  a  meeting  of  the 
Committee  of  Recommendations,  the  Sectional  Committee  shall  be 
authorised  to  appoint  a  Vice-President,  or,  failing  a  Vice-President, 
some  other  member  of  the  Committee,  to  attend  in  his  place,  due  notice 
of  the  app  >iiitraent  being  sent  t<o  the  Assistant  Secretary.^ 

Corresponding  Societies? 

I.  (i)  Any  Society  which  undertakes  local  scientific  investigation  and 
publishes  the  results  may  become  a  Society  affiliated  to  the  British  Asso- 
ciation. 

(ii)  The  Delegates  of  such  Societies,  who  must  be  or  become  members 
of  the  British  Association,  shall  be  ex  officio  members  of  the  General 
Committee. 

>  Pa«)ed  by  the  General  Committee  at  Birmingham,  1865. 

'  Passed  by  the  General  Committee  at  Leeds,  1890. 

•  Pasied  by  the  6«neral  Committee,  18B4  ;  revwed  190B,  1905.   ^^T^ 
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(iii)  Any  Society  formed  for  the  parpose  of  encoaraging  the  study  of 
science,  which  has  existed  for  three  years  and  numbers  not  fewer  than 
fifty  members,  may  become  a  Society  (Associated  with  the  British  Associa- 
tion. 

(iv)  Each  associated  Society  shall  have  the  right  to  appoint  a  Delegate 
to  attend  the  Annual  Conference,  and  such  Delegates  shaU  be  members  or 
associates  of  the  British  Association,  and  shall  have  all  the  rights  of  those 
appointed  by  the  affiliated  Societies,  except  that  of  membership  of  the 
General  Committee. 

2.  Application  may  be  made  by  any  Society  to  be  placed  on  the 
List  of  Corresponding  Societies.  Applications  must  be  addressed  to 
the  Assistant  Secretary  on  or  before  the  1st  of  June  preceding  the 
Annnal  Meeting  at  which  it  is  intended  they  should  be  considered, 
and  must  be  accompanied  by  specimens  of  the  publications  of  the 
results  of  the  local  scientific  investigations  recently  undertaken  by  the 
Society. 

8.  A  Corresponding  Societies  Committee  shall  be  annually  nomi- 
nated by  the  Council  and  appointed  by  the  General  Committee  for  the 
purpose  of  considering  these  applications,  as  well  as  for  that  of  keeping 
themselves  generally  informed  of  the  annual  work  of  the  Corresponding 
Societies,  and  of  superintending  the  preparation  of  a  list  of  the  papers 
published  by  them.  This  Committee  shall  make  an  annual  report  to  the 
General  Committee,  and  shall  suggest  such  additions  or  changes  in  the 
List  of  Corresponding  Societies  as  they  may  think  desirable. 

4.  Every  Corresponding  Society  shall  return  each  year,  on  or  before 
the  1st  of  June,  to  the  Assistant  Secretary  of  the  Association,  a 
Bchedule,  properly  filled  up,  which  will  be  issued  by  him,  acd  which 
will  contain  a  request  for  such  particulars  with  regard  to  the  Society 
as  may  be  requireid  for  the  information  of  the  Correspondiog  Societies 
Committee. 

5.  There  shall  be  inserted  in  the  Annual  Report  of  the  Association 
a  list,  in  an  abbreviated  form,  of  the  papers  published  by  the  Corre-  ^ 
spending  Societies  during  the  past  twelve  months  which  contain  the 
resnlts  of  the  local  scientific  work  conducted  by  them  ;  those  papers  only 
being  included  which  refer  to  subjects  coming  under  the  cognisance  of 
one  or  other  of  the  various  Sections  of  the  Association. 


Conference  of  Delegates  of  Corresponding  Societies, 

6.  The  Conference  of  Delegates  of  Corresponding  Societies  is  em- 
powered to  send  recommendations  to  the  Committee  of  Becommen- 
dations  for  their  consideration,  and  for  report  to  the  General  Committee, 

7.  The  Delegates  of  the  various  Corresponding  Societies  shall  con- 
stitute a  Conference,  of  which  the  Chairman,  Vice- Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
General  Committee,  and  of  which  the  members  of  the  Corresponding 
Societies  Committee  shall  be  ex  officio  members. 

8.  The  Conference  of  Delegates  shall  be  summoned  by  the  Secretaneo 
to  hold  one  or  more  meetings  during  each  Annual  Meeting  of  the  Associa- 
tion, and  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings.  GoOqIc 
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9.  The  Committee  of  each  Section  shall  be  instrncted  to  traosmit 
to  the  SecretarieQ  of  the  Conference  of  Delegates  copies  of  any  recom- 
mendations forwarded  by  the  Presidents  of  Sections  to  the  Committee 
of  Recommendations  bearing  npon  matters  in  which  the  co-operation 
of  Corresponding  Societies  is  desired ;  and  the  Secretaries  of  the  Conference 
of  Delegates  shall  invite  the  authors  of  these  recommendations  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objects  and  of  the  precise  way  in  which  they  would  desire  to  have  them 
carried  into  effect. 

10.  It  wUl  be  the  duty  of  the  Delegates  to  make  themselves  familiar 
with  the  purport  of  the  several  recommendations  brought  before  the  Confer- 
ence, in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
able  to  bring  those  recommendations  clearly  and  favourably  before  their 
respective  Societies.  The  Conference  may  also  discuss  propositions  bear- 
ing on  the  promotion  of  more  systematic  observation  and  plans  of  opera- 
tion, and  of  greater  uniformity  in  the  mode  of  publishing  results. 

Local  Committees. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association 
to  assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers 
those  Members  of  the  Association  whose  assistance  they  may  desire. 

Ojfflcfirs, 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries, 
aad  a  Treasurer  shall  bo  annually  appointed  by  the  General  Commitf^ee. 

The  Council  shall  appoint  and  have  power  to  dismiss  such  paid  officers 
as  they  may  consider  necessary  to  carry  on  the  work  of  the  Association, 
on  such  terms  as  they  may  from  time  to  time  determine.* 

Council, 

In  the  intervals  of  the  Meetings,  the  affisiirs  of  the  Association  shall 
be  managed  by  a  Council  appointed  by  the  General  Committee.  The 
Council  may  also  assemble  for  the  despatch  of  business  during  the  week 
of  the  Meeting. 

(I)  The  Council  shall  consist  of* 

1.  The  Trustees. 

2.  The  past  Presidents. 

3.  The  President  and  Vice-Presidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

5.  The  past  and   present   General   Treasurers   and    General 

Secretaries  and  past  Assistant  General  Secretaries. 

6.  The    Local    Treasurer    and   Secretaries   for    the    ensuing 

Meeting 

7.  Ordinary  Members. 

*  Passed  by  the  General  Committee  at  Cambridge,  1904. 

*  Passed  by  the  General  Committee  at  Belfast,  1874 ;  amended  at  Qambcidge, 
1904.  ^  . 
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(2)  The  Ordinary  Members  shall  he  elected   annuallj  from    the 

Qeneral  Committee. 

(3)  There  shall  he  not  more  than  twentj-^five  Ordinary  Members,  of 

whom  not  more  than  twenty  shall  have  served  on  the  GonnciJ, 
as  Ordinary  Members,  in  the  previous  year. 

(4)  In  order  to  carry  ont  the  foregoing  role,  the  following  Ordinary 

Members  of  the  outgoing  Council  shall  at  each  annual  election 
be  ineligible  for  nomination : — 1st,  those  who  have  served  on 
the  Council  for  the  greatest  number  of  consecutive  years ;  and^ 
2nd,  those  who,  being  resident  in  or  near  London,  have 
attended  the  fewest  number  of  Meetings  during  the  year 
—observing  (as  nearly  as  possible)  the  proportion  of  three  by 
seniority  to  two  by  least  attendance. 

(5)  The  CouncU  shall  submit  to   the  General    Committee  in  tbeir 

Annual  Report  the  names   of  twenty-three  Members  of  the 

General  Committee  whom  they  recommend  for  election   as 

Members  of  Council. 

(i)  A  nomination  for  either  of  the  two  vacant  seats  on  the 
Council  may  be  made  in  writing  by  any  two  or  more 
members  of  the  General  Committee,  and  must  be  sent 
to  the  Assistant  Secretary  so  as  to  he  received  by  him 
at  least  twenty-four  hours  before  the  Meeting  of  the 
General  Committee  at  which  the  election  takes  place. 

(ii)  The  nominations  shall  be  read  to  the  Meeting  by  the 
Chairman  ;  and  if  more  than  two  persons  be  nominated, 
the  election  shall  be  by  ballot  or  show  of  hands,  and 
the  two  having  the  highest  numbers  of  votes  shall  be 
declared  elected. 

(iii)  In  case  no  nomination,  or  only  one  nomination,  shall  be 
received,  as  provided  for  by  By-law,  two  seats  on  the 
Council  (or  one  seat,  as  the  case  may  be)  shall  remain 
vacant  until  the  next  ensuing  Meeting  of  the  Council, 
when  the  seats  (or  seat,  as  the  case  may  be)  shall 
be  filled  by  co-optation  of  the  other  members  of  the 
Council.* 

(6)  The  Election  shall  take  place  at  the  same  time  as  that  oi  the 

Officers  of  the  Association. 


Papers  and  Communications. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to 
reserye  his  right  of  property  therein. 

Accounts. 

The  Aooounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
appointed  by  the  General  Committee. 

■  Paned  by  the  General  Comznittee  at  Cambridge,  1904;  revised  in  South  Africa, 
1906. 
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TRUSTEES  AND  GENERAL  OFFICERS,  1831-1905* 


1832-70  (Sir)  R  I.  Mubchison  (Bart.), 

l»32-62  John  Taylob,  Esq.,  F.RS. 
1832-39  C.  Babbagb,  Esq.,  F.R.S. 
1839-44  F.  Baily,  Esq.,  F.R.8. 
1844-68  Rev.  G.  Peacock,  F.R.S. 
1858-82  Geoezal  E.  Sabinb,  F.R  S. 
1862-81  Sir  P.  Bgbbton,  Bart.,  F.R.S. 


TRUSTEES. 
1872 


Sir  J.  Lubbock,  Bart,  (now  Lord 

Avbbuby),  F.R.S. 
1881-83  W.  Spottiswoodb,  Esq.;  Pres. 

R.S. 
1883        Lord  Raylbigh,  F.R.S. 
1883-98  Sir   Lyon    (afterward.s    Lord) 

Playfaib,  F»R.S. 
1898        Prof.  (S»r)  A.  W.  ROcKBB,  F.R.S. 


1831       Jonathan  Gbay,  Esq. 
1832-62  John  Taylob,  Esq.,  F.R.S. 
1862-74  W.  Spottiswoodb,  Esq.,  F.R.S. 
1874-91  Prof.A.W.WiLUAM80N,F»R.S. 


GENERAL    TREASURERS. 

1891-98  Prof.  A.  W.  ROoKBB,  F.R.S. 
1898-1904  Prof.  G.  C.  FosTBB,  F.R.Si 
1904       Prof.  John  Pbbby,  F.R.Si 


GENERAL    SECRETARIES. 


1832-35 
1835-36 

1836-37 

1837-39 

1839-46 

1845-50 
1850-52 

1852-53 
I85a-59 
1859-61 
1861-62 
1862.63 

1S63-65 

1865-66 
1866-68 


Rer.  W.  Vebnon  Habcoubt, 

F.R.S. 
Rev.  W.  Vbbnon  Habcoubt, 

F.R.S.,  and  F.  Baily,  Esq., 

F.R.S. 
Rev.  W.  Yebnon  Habcoubt, 

F.R.S.,  and  R.  I.  Mubchison, 

Esq.,  F.R.S. 
R.  L  MUBCHI80N»  Esq.,  F.R.S., 

and  Rev.  G.  Peacock,  F.U.S. 
Sir  R.  I.  Mubchison,  F.R.S., 

and  Major  E.  Sabinb,  F.R.S. 
Lieat.-Golonel  B.  Sabinb,  F.R.S. 
General  E.  Sabinb,  F.R.S.,  and 

J.  F.  ROYLB,  Esq.,  F.R.S. 
J.  F.  RoYLB,  Esq.,  F.R.S. 
CUsneral  E.  Sabinb,  F.R.S. 
Prof.  R.  Walkbb,  F.R.8. 
W.  Hopkins,  Esq.,  F.R.S. 
W.  Hopkins,  Esq.,  F.R.S.,  and 

Prof.  J.  Phillips,  F.R.S. 
W.  Hopkins,  Esq.,  F.R.S.,  and 

F.  Galton,  Esq.,  F.R.S. 
F.  Galton.  Esq.,  F.R.S. 
F.  Galton,  Esq.,  P.R.S.,  and 

Dr.  T.  A.  Hibst,  F.R.S. 


1868-71 

1871-72 

187a-76 

1876-81 

1881-82 

1882-83 
1883-95 

1895-97 


1897-  r 

1900  1 
1900L-02 


1902-03 
1903 


Dr.  T.  A.  Hibst,  F.R.S.,  and  Dr* 

T.  Thomson,  F.R.S. 
Dr.T.  Thomson,F.R.S.  ,and  Capt. 

Douglas  Galton,  F.R.S. 
Capt.  D.  Galton,  F.R.S..  and 

Dr.  Michabl  Fostbb,  F.RS. 
Capt.  D.  Galton,  F.R.S.,  and 

Dr.  P.  L.  ScLATER,  F.R.S. 
Capt.  D.  Galton,  F.R.S.,  and 

Prof.  F.  M.  Balpoub,  F  B.S. 
Capt.  Douglas  Galton,  F.R.S. 
Sir  Douglas  Galton,  F.R.S., 

and  A.  G.  Vbbnon  Habcoubt, 

Esq.,  F.R.8. 
A.  G.  Vbbnon  Habcoubt,  Esq., 

F.R.S.,    and     Prof.     E.     A. 

Schafbb,  F.R.S. 
Prof.  Schafbb,  F.R.S.,  and  Sir 

W.C.Robbbts-Austbn,F.R.8. 
Sir  W.    0.   Robebts-Austmn, 

F.R.S.,  and  Dr.  D.  H.  Scott, 

F.R.S. 
Dr.  D.  H.  Scott,  F.R.S. ,  and 

MajorP.A.MAcMAHON,F.R  8. 
Major  P.  A.  MacMahon,  F.R.S., 

and  Prof.  W.  A.  Hbbdman, 

F.R.8. 


ASSISTANT    GENERAL    SECRETARIES. 


1831  John  Phillips,  Esq.,  Secreta/ry. 

1832  Prof.    J.    D.    Fobbbs,    Acting 

Secretary, 
1832-62  Prof.  John  Phillips,  F.R.S. 
1862.78  G.  GRirFiTH,  Esq.,  M.A. 
187S-80  J.   E.  H.  GOBOON,  Esq.,  B.A., 

Am$taiit  Seerdtary, 
1881        O.  G-BimTH,  Esq.,  M.A.,  Acting 

SecMtary, 


1881-85  Prof.    T.  G.    BoNNBY,    F.R.S., 

Secretary, 
1885-90  A.    T.   Atchison,  Esq.,  M.A., 

Secretary, 
1890        G.  Gbifpith,  Esq.,  M.A.,  Acting 

Secretary, 
1890-1902  G.  Gbiffith,  Esq..  M.A. 
1902-04  J.  G.  GabSON,  Esq.,  M,D. 
1904        A.  SiLVA  White,  Esq.,  Aseistaait  ^^ 

Secretary*     "  o 
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BfitORT— 1905. 


Presidents  and  Secretaries  of  the  Setitions  of  the  Assodatioiu 


Date  and  Place 


Presidents 


Secretaries 


MATHEMATICAL  AKD  PHYSICAL  SCIENCES, 

COMMITTEE  OF  SCIENCES,  I.-^MATHEMATICS  AND  OENBRAL  PHTSIOSi 


1832. 
18B3. 
1834. 


Oxford 

Cambridge 
Edinburgh 


Daries  Gilbert,  D.C.L.,F.B.S.lRey.  H.  Goddington. 

Sir  D.  Brewster,  F.R.8 Prof.  Forbes. 

Rev.  W.  Whewell,  F.R.S.        |Prof.  Forbes,  Prof*  Lloyd. 

SEC^TION  A. — MATAEMATIGS   AND   PtttdiCS. 


1835. 

1836. 

1837. 

1838. 

i830. 

1810. 

1811. 
1842. 

1843. 
1844. 
1846. 

1846. 

1847. 

1848. 
1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

1866. 

1867. 

1858. 


Dublin I  Rev.  Dr.  Robinson    

Bristol Rev.  William  Whewell,  F.R.S. 

Liverpool...  Sir  D.  Brewster,  F.R.S 

Newcastle     Sir  J.  F.  W.  Herschel,  Bart., 

F.R.8. 
Birmingham  Rev.  Prof .  Whewell,  F,R.S.... 

I 

Glasgow  ...  Prof.  Forbes,  F.R.S 


i»rof.  Sir  W.  R.  Hamilton,  Prof. 

Wheatstone. 
Prof.  Forbes,  W.  S.  Harris,  F.  W. 

Jerrard. 
W.  8.  Harris,  Rev.  Prof.  Powell, 

Prof.  Stevelly. 
Rev.  Prof.  Chevallier,  Major  Sabine, 

Prof.  Stevelly. 
J.  D.  Chance,  W.  Snow  Harris,  Prof. 

Stevelly. 
Rev.   Dr.    Forbes,   Prof*    Stevelly, 
Arch.  Smith. 

Plymouth     '  Rev.  Prof.  Lloyd,  F.R.S Prof.  Stevelly. 

Manchester  Very  Rev.  O.  Peacock,  D.D.,tProf.  M'CuUoch,  Prof .  Stevelly,  Rev. 
1     F.R.S.  I     W.  Sooresby. 

Cork Prof.  M«Culloch,  M.RJ.A.  ...  J.  Nott,  Prof.  Stevelly. 

York I  The  Karl  of  Rosse,  F.R.S.  ...;Rev.  Wm.  Hey,  Prof.  Stevelly. 

Cambridge    The  Very  Revi  the  Dean  of  Rev.  H.  Goodwin,  Prof.   Stevcll3', 

i     Ely.  I     G.  G.  Stokes. 

Southamp-    Sir   John   F.    W.    Herschel,  John    Drew,  Dr.    Stevelly,   G.  G. 
ton.  ,     Bart.,  F.R.S.  ,     Stokes. 

Oxford Rev.     Prof.    Powell,     M.A.,'Rev.  H.  Price,  Prof.  Stevelly,  G.  G. 

I     F.R.S.  !     Stokes. 

Swansea  ...  Lord  Wrottesley,  F.R.S Dr.  Stevelly,  G.  G.  Stokes. 

Birmingham  William  Hopkins,  F.R.S Prof.  Stevelly,   G,    G.   Stokes,  W. 

Ridout  Wills. 
Edinburgh    Prof.  J.   D.   Forbes,   F.R.S.,  W.J.MaoquomRankine,Prof.Smyih, 

Sec.  R.S.E.  Prof.  Stevelly,  Prof.  G.  G.  Stokes. 

Ipswich    ...  Rev.     W.     ^Vhewcll,     D.D.,'S. Jackson, W.J. Macquom Rankine, 
F.R.S.  Prof.  Stevelly.  Prof.  G.  G.  Stokes. 

Belfast Prof.     W.    Thomson,     M.A., !  Prof.  Dixon,  W,  J.  Maoquorn  Ran- 

I     F.R.S.,  F.R.S.E.  I     kine.  Prof.  Stevelly,  J.  Tyndall. 

The  Very  Rev.  the  Dean  of  B.  Blaydes  Haworth,  J.  D.  Sollitt, 
I     Ely,  F.R.S.  I     Prof .  Stevelly,  J.  Welsh. 

Prof.  G.  G.  Stokes,  M.A.,  Sec  J.  Hartnup,  H.    G.    Pnckle,  Prof. 
•     R.S.  ,     Stevelly,  J.  Tyndall,  J.  Welsh. 

Rev.    Prof.    Kelland,    M.A.,  Rev.  Dr.  Forbes,  Prof.  D.Gray,  Prof. 
F.R.S.,  F.R.S.E.  I     Tyndall. 

Cheltenham  Rev.  R.  Walker,  M.A.,  F.R.S.!C.  Brooke,  Rev.  T.  A.  Southwood, 
1  '     Prof.  Stevelly,  Rev.  J.  0.  Tnmboll . 

Dublin jRev.  T.   R.  Robinson,  D.D.,  Prof.  Curtis,  Prof.  Hennessy,  P.  A. 

F.R.S.,  M.R.I.A.  I     Ninnis,  W.  J.  Macquom  Rankine, 

!  I     Prof.  Stevelly. 

Leeds  'Rev.    W.    Whewell,     D.D.,  Rev.  S«  Eamshaw,  J.  P.  Hennessy, 

i     V.P.R.S.  I     Prof.  Stevelly,  H.J.  S^Smith,  Prof, 

i  I     Tyndall.  ^ 


Hull 

Liverpool... 
Glasgow  ... 


PBE8IDENTS  AMD  8BCRBTABIB8  OT  THX  SBOnORS. 


mi 


Date  and  Place 


Presidents 


Secretaries 


1859. 
1800. 
1861. 
1862. 
1868. 
1864. 
1866. 

1866. 
1867. 
1868. 
1869. 

1870. 


Aberdeen... 

Oxford 

ICanishester 

GvDbridge 

Newcastle 

Bath 

Birmingham 

Nottingham 
Dundee  ... 
Norwich  ... 

Exeter 

Liverpool... 


The  Karl  of  Eosse,  M.A.,  K.P-,  J.  P.  Hennessy,  Prof.  Maxwell,  H. 


F.R.S. 
Rev,  B.  Price,  M.A.,  F.B.S.. 


J.  S.  Smith,  Prof.  Stevelly, 
Rev.  G.  C.  Bell,  Rev.  T.  Rennison, 
Prof.  Stevelly. 
G.    B.   Airy,    M.A.,    D.C.L.,  Prof.  R.  B.  Clifton,  Prof.  H.  J.  S. 

F.B.S.  I     Smith,  Prof.  Stevelly. 

Prof.    G.    Q.    Stokes,    M. A.,  Prof.  R.  B.  Clifton,  Prof.  H.  J.  8. 


F.R.8. 

Prof .  W.  J.  Maoquom  Rankine, 

C.K.,  F.R.S. 
Prof.  Cayley,    M.A.,  F.R.S., 

F.R.A.8. 
W.  Spotti8woode,M.A.,F.R.S., 

F.R.A.S. 


Smith,  Prof.  Stevelly. 
Rev.N.Ferrer8,Prof.Fuller,FJenkln, 

Prof.  Stevelly,  Rev.  C.  T.  Whitley. 
Prof.   Fuller,  F.    Jenkin,   Rev.  U. 

Buckle,  Prof.  Stevelly. 
Rev.  T.  N.  Hutchinson,  P?  Jenkin,  G. 

S.  Mathews,  Prof.  II.  J.  S.  Smith* 

J.  M.  Wilson. 
Fleeming  Jenkin,Prof.H.  J.  S.  Smith, 

Rev.  8.  N.  Swann. 
Rev.  G.  Buckle,  Prof.  G.  C.  Foster, 

Prof.  Fuller,  Prof.  Swan. 
Tyndall,     LL.D.,  Prof.  G.  C.  Foster,  Rev.  R.  Harley, 
I     R.  B.  Hayward. 


D.C.L, 


Prof.    Wheatstone, 

F.R.S. 
Prof.  Sir  W.  Thomson,  D.C.L., 

F.R.S. 
Prof.    J, 

F.B.8. 


Prof.  J.  J.  Sylvester,  LL.D.,  Prof.  G.  C.  Foster,  R.  B.  Hayward, 

F.R.S.  I     W.  K.  Cliflford. 

J.     Clerk     Maxwell,     M.A.,  Prof.  W.  G.  Adams,  W.  K.  Clifford, 

LL.D.,F.B.S. 


1871.  Edinburgh 


1872. 
1873. 
1874. 
1876. 
1876. 

1877. 
1S78. 
1879. 
1880. 
1881. 
1882. 
1383. 
1884. 
1885. 
1886. 


Brighton... 
Bradford ... 

Belfast 

Bristol 

Glasgow  ... 

Plymouth... 
Dublin..  .. 
Sheffield  ... 
Swansea  ... 
York 


Prof.  G.  C.  Foster,  Rev.  W.  Allen 
Wliitworth. 
Prof.  W.  G.  Adams,  J.  T.  Bottomley, 
Prof.  W.  K.  Clifford,  Prof.  J.  D. 
Everett,  Rev.  R.  Harley. 
Prof.  W.  K.Clifford,  J.  W.  L.Glaisher, 
I  I     Prof.A.S.Herschel.G.F.Rodwell. 

Prof.  H.  J.  S.  Smith,  F.R.S.  .IProf.  W.  K.  Clifford,  Prof.  Forbes,  J. 

W.L.  Glaisher,  Prof.  A.  S.  Herschel. 
J.W.L.Glai8her,Prof.Herschel,  Ran- 
dal Nixon,  J.  Perry,  G.  F.  Rodwell. 
Prof.  Balfour  Stewart,  M.A.,  ■  Prof.  W.  F.  Barrett,  J. W.L.  Glaisher, 
LL.D.,  F.R.8.  I     C.  T.  Hudson,  G.  F.  Rodwell. 


Prof.  P.  G.  Tait,  F.R.S.E. 


W.  Do  La  Rue,  D.C.L.,  F.R.S. 


I  Rev.  Prof.  J.  H.  Jellett,  M.A., 
M.R.LA 


Prof.  Sir  W.  Thomson,  M.A., 
D.C.L.,  F.R.S. 


Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 
Prof.  G.  Forbes,  J.  W.  L.  Glaisher, 
T.  Muir. 

ProtG.C.  Foster,  B.A.,F.R.S.,  Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 

Pres.  Physical  Soc.  I     J.  W.  L.  Glaisher,  F.  G.  Landon. 

Rev.    Prof.     Salmon,    D.D.,  Prof.  J.  Casey,  G.  F.  Fitzgerald,  J 

D.C.L.,  F.R.S.  I     W.  L.  Glaisher,  Dr.  O.  J.  Lodge. 

George    Johnstone     Stoney,  A.  H.  Allen,  J.  W.  L.  Glaisher,  Dr. 

M.A.,  F.R.8.  I     O.  J.  Lodge,  D.  MacAlister. 

Prof.  W.Grylls  Adams,  M.A.,'W.  B.  Ayrton,  J.  W.  L.  Glaisher, 


Southamp- 
ton. 
Sonthport 

Montreal ... 

Aberdeen. . . 

Birmingham 


F.R.S 
Prof.  Sir  W.  Thomson,  M.A., 

LL.D.,  D.C.L.,  F.R.S. 
Rt.  Hon.  Prof.  Lord  Rayleigh, 

MA    F  R  S 
Prof.  0.*Henrici,  Ph.D.,  F.R.S. 


Dr.  O.  J.  Lodge,  D.  MacAlister. 
Prof.  W.  E.  Ayrton,  Di*.  O.J.  Lodge, 

D.  MacAlister,  Rev.  W.-  Ronth. 
W.  M.  Hicks,  Dr.  O.  J.  Lodge,  D. 

MacAlister,  Rev.  G.  Richardson. 
W.  M.  Hicks,  Prof.   O.  J.  Lodge, 
D,  MacAlister,  Prof.  R.  C.  Rowe. 
Prof.  Sir  W.  Thomson,  M.A.,  C.  Carpmael,  W.  M.  Hicks,  A.  John- 

LTi.D.,  D.C.L.,  F.R.S.  |     son,  O.  J.  Lodge,  D.  MacAlister. 

Prof.     G.     Chr>'8tal,     M.A.,  R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

F.R.S.R.  I     W.  M.  Hjcks,  Prof.  W.  iDgiam. 

Prof.    Q.  If.  Darwin,   M.A.,  R.  E.  Baynes,  R.  T.  Glazebrook,  Prof . 

LL.D.,F.B.S.  1     J.  H.  Poypting,  W.  N.  Shaw.    ,e 
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Date  and  Place 


1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 


Manchester 

Bath 

Newcastle- 
upon-Tyne 
Leeds   .... 


Presidents 


Cardiff 

Edinbni^h 
Nottingham 

Oxford 

Ipswich    ... 
Liverpool... 


1897. 

Toronto    ... 

1898. 

Bristol 

1899. 

Dover  

1900. 

Bradford... 

1901. 

Glasgow  ... 

1902. 

Belfast, 

1903. 

Southport 

190i. 

Cambridge 

1905. 

SouthAfrica 

Secretaries 


Prof.   Sir  R.  S.  Ball,  M.A., 

LL.D.,  F.R.S. 
Prof.  G.  F.  Fitzgerald,  M.A., 

F.R.S. 
Capt.  W.  de  W.  Abnejr,  C.B., 

R.E.,  F.R.S. 
J.    W.    L.    Glaisher,    Sc.D., 

F.R.S.,  V.P.R.A.8. 
Prof.    O.    J.    Lodge,    D.Sc, 

LL.D.,  F.B.S. 
Prof.     A.     Schuster,    Ph.D., 

F.R.S.,  F.R.A.S. 
R.  T.  Glassebrook,  M.A.,  F.R.S. 

Prof.A.W.Riicker,  M.  A.,F.R.S. 

Prof.    W.    M.    Hicks,    M.A., 

F.R.S. 
Prof.  J.  J.  Thomson,  M.A., 

D.Sc.,  F.R.S. 

Prof.  A.   R.    Forsyth,   M.A., 

F.R.8. 
Prof.  W.  E.  Ayrton,  F.R.S. ... 

Prof.  J.  H.  Poynting,  FJR.S. 

Dr.  J.  Larmor,  F.R.8.— Zfep. 
of  Astronomy,  Dr.  A.  A. 
Common,  F.R.S. 

Major  P.  A.  MacMahon,  F.R.S. 
— Dep.  of  Astronomy,  Prof.' 
H.  H.  Turner.  F.R.S.  ! 

Prof.  J.  Pnraer,LL.D.,M.R.I.A. 
—Dep.  of  Astronomy y  Prof. 
A.  Schuster,  F.RS. 

C.  Vernon  Boys,  F.R.S.— !><?;;. 
of  Astron-omy  and  Meteor- 
ology,DrM.Jif.  Shaw,F.R.S. 

Prof.  H.  Lamb,  F.R.S.— iS?ii- 
Seotion  of  Astronomy  and 
Cosnncal  Physies,  Sir  J. 
Eliot,  K.C.I.E..  F.R.S. 

Prof.  A.  R.  Forsyth.  M.A., 
F.RS.  i 


R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

H.  Lamb,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,  A. 

TiOdge.  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glasebrook,   A« 

Lodge,  W.  N.  Shaw,  H.  Stroud. 
R.  T.  Glazebrook,   Prof.  A.  Lodge, 

W.  N.  Sliaw,  Prof.  W.  Stroud. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Prof.  A.  L.  Selby. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Dr.  W^  Peddie. 
W.  T.  A.  Bmtage,  J.  Larmor,  Prof. 

A.  Lodge,  Dr.  W.  Peddie. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

J.  Walker. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

G.  T.  Walker,  W.  Watson. 
Prof.  W.  H.  Heaton,  J.  L.  Howard, 

Prof.  A.  Lodge,  G.  T.  Walker,  W. 

Watson. 
Prof.  W.  H.  Heaton,  J.  C.  Glashan,  J. 

L.  Howard,  Prof.  J.  C.  McLennan. 
A.  P.  Chattook,  J.  L.  Howard,  C.  H. 

Lees,  W.  Watson,  E.  T.  Whittaker. 
J.  L.  Howard.  C.  H.  Lees,  W.  Wat- 
son, E.  T.  Whittaker. 
P.  H.  Cowell,  A.  Fowler,  C.  H.  Lees. 

C.  J.  L.  Wagstaffe,  W.  Watson, 

E.  T.  Whittaker. 
H.  S.Carslaw.C  H.  Lees,  W.  Stewart, 

Prof.  L.  B.  Wilberforce. 

H.  S,    Carslaw,    A.    R.  Hinks,    A. 

Larmor,  C.  H.  Lees,  Prof.  W.  B. 

Morton,  A.  W.  Porter. 
D.  E.  Benson,  A.  R.  Hinks,  R.  W. 

H.  T.  Hudson,  Dr.  C.  H.  Lees,  J. 

Loton.  A.  W.  Porter. 
A.  R.  Hinks,  R.  W.  H.  T.  Hudson, 

Dr.  C.  H.  Lees,  Dr.  W.  J.S.  Lock- 

yer,    A.    W.    Porter,    W.    C.    D. 

Whet  ham. 
A.  R.  Hinks,  S.  S.  Hough,  R.  T.  A. 

Innes,  J.  H.  Jeans,  Dr.  C.  H.  Lees. 


CHEMICAL  SCIENCE. 

COMMITTEB   OF  SCIENCES,  II. — CHEHISTBT,   MIKERALOGT. 


18.H2.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 


1836.  Dublin. 
1836.  Bristol. 


1837.  Liverpool... 


John  Dalton,  D.C.L.,  F.RS. 
John  Dalton,  D.C.L.,  F.R.8. 
Dr.Hope , 


James  F.  W.  Johnston. 

Prof.  Miller. 

Mr.  Johnston,  Dr.  Christison. 


SECTION   B. — CHEMISTRY  AND  MINERALOGY. 


Dr.  T.  Thomson,  F.R.S. 
Rev,  Prof.  Cumming   ... 


Michael  Faraday,  F.R.S.. 


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Henry,  W.  Hera- 
path. 

Prof.  Johnston^  Prof.  Miller,  Df. 
Reynol4s.         ^  ^ 

^   zedby.CjOOgle 


FUBIDKHTS  AHB  SMHttABIBS  Of  THB  SBCTIONS. 


Date  and  PIam 


Pntidenta 


SeeretaariM 


1838   NewcMtle 

1639.  Bimingham 

1840.  Glaegow  ... 

1841.  Plymouth... 

1842.  Mancbester 

1843.  Cork 

1844.  York 


Bev.  William  Wfaewell,F.fi.». 

Prof.  T.  Graham,  F.£.8 

Dr.  Thomas  Thomson,  F.R.8. 


1845.  Camhridge 


Dr.  Daubeny,  F.ILS 

John  Dalton,  D.C.L.»  F.R.S. 

Prof.  Apjohn,  M.R.I.A 

Prof.  T.  Graham,  F.R.8 


Bay.  Prof.  Onmming 


Prof.  Miller,  H.  L.  Pattinson,  Thomas 

Richardson. 
Dr.  Golding  Bird,  Dr.  J.  B.  Melsoa. 
Dr.  R.  D.  Thomson,  Dr.  T.  Clark, 

Dr.  L.  Playf  air. 
J.  Prideauz,  R.  Hunt, W.  M.Tweedy. 
Dr.  L.  Playfair,  R.  Hunt,  J.  Graham. 
R.  Hunt,  Dr.  Sweeny. 
Dr.  L.   Playfair,   K.   SoUy,   T.   H. 

Barker. 
R.  Hunt,  J.  P.  Joule,  Piof .  Miller, 

E.  Solly. 
Dr.  Miller,  R.  Hmit,  W.  Randall. 


B.  C.  Brodie,  R.  Hunt,  Prof.  Solly. 


1846.  Southamp-    Michael    Faraday,    D.C.L, 

ton.  F.R.a 

1847.  Oxford Rev.  W.  V.  Haroourt,  M.A., 

I     F.R.8. 

1848.  Swansea  ...  JRichard  Phillips,  F.R.S T.  H.  Henry,  R.  Hunt,  T.  Williams 

1849.  Birmingham' John  Percy,  M.D.,  F.R.8 '  R.  Hunt,  G.  Shaw. 

1850.  Edinburgh  ,Dr.  Christison,  V.P.R.8.B.  ...  Dr.  Anderson,  R.  Hunt,  Dr.  Wilson. 

1851.  Ipswich   ...  I  Prof.  Thomas  Graham,  F.R.S.  T.  J.  Pearsall,  W.  8.  Ward. 

1852.  Belfast {Thomas  Andre W8,M.D.,F.R.8.  Dr.  Gladstone,  Prof.  Hodges,  Prof . 

Ronalds. 

1853.  Hull Prof.  J.  F.  W.  Johnston,  M. A.,  H.  8.  Blundell,  Prof.  R.  Hunt,T.  J. 

F.R.S.  Pearsall. 

1854.  Liverpool      Prof.W.  A.Miller,  M.D.,F.R.8.  Dr.  Edwards,  Dr.  GUidstone,    Dr 

i     Price. 

Dr.  Lyon  Playfair,C.B.,F.R.S.  Prof.  Frankland,  Dr.  H.  E.  Roscoe. 


1855.  Ghisgow  ... 

1856.  Cheltenham 


1857.  Dublin 

1858.  Leeds  

1859.  Aberdeen., 

1860.  Oxford..... 


1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 


Prof.  B.  C.  Brodie,  F.R.S. 


J.  Horsley,  P.  J.  Worsley,  Prof. 
Voelcker. 

Dr.  Davy,  Dr.  Gladstone,  Prof.  Sul- 
livan. 

Dr.  GUdstone,  W.  Odling,  R.  Rey- 
nolds. 


Prof.  Apjohn,  M.D.,  F.R.S., 

M.R.LA. 
Sir  J.  F.  W.  Herschel,  Bart., 
D.C.L.  I 

Dr.LyonPlayfair,C.B.,P.R.S.'j.  S.  Brasier,  Dr.  GUidstone,  G.  D. 

Liveing,  Dr.  Odling. 
A.  Vernon  Haroourt,  G.  D.  Liveing, 

A.  B.  Northcote. 
A.  Vernon  Haroourt,  G.  D.  Liveing. 
H.  W.  Elphinstone,  W.  Odling,  Prof. 

Roeooe. 
Prof.  Liveing,  H.  L.  Pattinson,  J.  C. 

Stevenson. 
A,  V.  Haroourt,  Prof.  Liveing,  R. 


Prof.  B.  C.  Brodie,  F.R.S.. 


Prof.W.A.Miller,  M.D.,F.R.S. 
Prof.  W.H.Miller,  M.A.,F.R.S. 

Dr.    Alex.    W.   Williamson, 

F.R.8. 
W.  Odling,  M.B.,  F.R.S 


Prof.  W.  A.    Miller,    M.D., 
I     V.P.R.8. 
1866.  Nottingham  H.  Bence  Jones,  M.D.,  F.R.8. 


1867.  Dundee    .*, 

1868.  Norwich  ... 

1869.  Exeter , 

1870.  Liverpool.., 

1871.  Bdinbnrgh 
18f 2.  BrifjhtMi  ••. 


A.  V.  Haroourt,  H.  Adkins,  Prof. 

Wanklyn,  A.  Winkler  Wills. 
J.  H.  Atherton,  Prof.  Liveing,  W.  J. 

Russell,  J.  White. 
Prof.     T.    Anderson,    M.D.,  A.  Crum  Brown,  Prof.  G.  D.  Liveing, 

F.R.8.E.  I     W.  J.  Russell. 

Prof.   E.    Frankland,  F.R.8.  Dr.  A.  Crum  Brown,  Dr.  W.  J.  Rus- 

sell,  F.  Sutton. 
Prof.  A.  Crum   Brown,  Dr.  W.  J. 

Russell,  Dr.  Atkinson. 
Prof.  A.  Crum  Brown,  A.  B.  Fletcher, 

Dr.  W.  J.  Russell. 
J.  T.  Buchanan,  W.  N.  Hartley,  T. 

E.  Thorpe. 
Dr.  Mills,  W.  Chandler  fioberts.  Dr. 

W.  J.  ««?»rfl,  Dr.  T.  W004.    iC 


Dr.  H.  Debus,  F.R.S 

Prof.    H.    B.    Roscoe,    B.A., 

F.R.8. 
Prof.  T.  Andrews,  M.D.,F.R.8. 

Dr.  J.  H.  Gladstone,  F.R.8.... 


Ivi 


BBPOBT— 1905. 


Date  and  Place 


1878. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 
1882. 

1883. 

1884. 

1886. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 


Presidente 


Bradford... 

Belfast 

Bristol 

Glasgow  ... 

Plymoath... 

Dablin 

Sheffield  ... 

Swansea  ... 

York 

Southamp- 
ton. 
Sonthport 

Montreal ... 

Aberdeen... 

Birmingham 

Manchester 

Bath 

Newcastle- 
upon-Tyne 
Leeds   

Cardiff 

Edinburgh 

Nottingham 

Oxford 


Prof.  W.  J.  Russell,  F.R.S.... 

Prof.  A.  Grum  Brown,  M.D., 

F.ILS.B. 
A.  G.  Vernon  Haroourt,  M.A., 

W.  k'Perkin,  F.R.S 


Secretaries 


F.  A.  Abel,  F.B.8.. 


Prof.  Maxwell  Simpson,  M.D., 

F.B.S. 
Prof.  Dewar,  M.A.,  F.R.8.  ... 

Joseph  Henry  Gilbert,  PhJ)., 

F  R  S 
Piof .  A.  W.  Williamson,  F.R.8. 
Prof.  G.   D.   Liveing,    M.A., 

F.R.S. 
Dr.  J.  H.  Gladstone,  F.R.S... 

Prof.  Sir  H.  E.  Rosooe,  Ph.D., 

LL.D..  F.R.8. 
Prof.  H.  E.  Armstrong,  Ph.D., 
I     F.R.S..  Sec.  C.S. 
W.  Crookes.  F.R.S..  V.P.C.S. 


Dr.  E.  Schunck,  F.R.S 

Prof.  W.  A.   Tilden,    D.Sc, 

F.R.S,,  V.P.C.S. 
Sir  T.  Lowthian  Bell,   Bart,, 

D.C.L.,  F.R.S. 
Prof.    T.   E.   Thorpe,    B.Sc., 

Ph.D.,  F.R.S..Treas.  C.S. 
Prof.  W.  C.  Roberts-Austen, 

C.B..  F.R.S. 
Prof.  H.  McLeod.  F.R.S 

Prof.  J.  Emerson  Reynolds, 

M.D..  D.Sc,  F.R.8. 
Prof.  H.  B.  Dixon,  M.  A.,  F.R.8. 


Dr.  Armstrong,  Dr.  Mills,  W.  Chand- 

ler  Roberts,  Dr.  Thorpe. 
Dr.  T.  Cranstoun  Charles,  W.  Chand- 
ler Roberte,  Prof.  Thorpe. 
Dr.  H.  E.  Armstrong,  W.  Chandler 

Roberts,  W.  A.  Tilden. 
W.  Dittmar,  W.  Chandler  Boberte, 

J.  M.  Thomson,  W.  A.  Tilden. 
Dr.  Oxland,  W.  Chandler  Roberta, 

J.  M.  Thomson. 
W.  Chandler  Roberts,  J.  M.  Thom- 
son, Dr.  C.  R.  Tiohbome,  T.  Willa, 
H.  S.  Bell,  W.  Chandler  Roberts, 

J.  M.  Thomson. 
P.  P.  Bed8on,H.  B.  Dixon,  W.  R.  E. 

Hodgkinson,  J.  M.  Thomson. 
P.  P.  Bedson,  H.  B.  Dixon,  T.  Gough. 
P.  Phillips  Bedson,  H.  B.   Dixon, 

J.  L.  Notter. 
Prof.    P.    Phillips    Bedson,    H.   B. 

Dixon,  H.  Forster  Morley. 
Prof.  P.  Phillips  Beddon,  H.  B.  Dixon, 

T.  McFarlane,  Prof.  W.  H.  Pike. 
Prof.  P.  Phillips  Bedson,  H.  B.  Dixon, 

H.FonterMorley,Dr.  W.  J.  Simpson. 
P.  P.  Bedson,  H.  B.  Dixon,  H.  F.  Mor- 

ley,W.W.  J.  Nicol,  C.  J.  Woodward. 
Prof.  P.  Phillips  Bedson,  H.  Forster 

Morley,  W.  Thomson. 
Prof.  H.  B.  Dixon,  H.  Forster  Morley, 

R.  E.  Moyle.  W.  W.  J.  Nicol. 
H.  Forster  Morley.  D.  H.  Nagel,  W. 

W.  J.  Nicol,  H.  L.  Pattinson,  jun. 
C.  H.  Bothamley,  H.  Forster  Morley, 

D.  H.  Nagel,  W.  W.  J.  Nicol. 
C.  H.  Bothamley,  H.  Forster  Morley, 

W.  W.  J.  Nicol,  G.  8.  Turpin. 
J.  Gibson,  H.  Forster  Morley,  D.  H. 

Nagel,  W.  W.  J.  Nicol. 
J.  B.  Coleman,  M.  J.  R.  Dunstan, 
I     D.  H.  Nagel,  W.  W.  J.  Nicol. 
A.  Colefax,  W.  W.  Fisher,  Arthur 
I     Harden,  H.  Forster  Morley. 


SECTION  B  (continued). — chbmistrt. 


1895.  Ipswich    ...I Prof.  R.  Meldola,  F.R.S.  .. 


1896.  Liverpool... 
1897   Toronto    ... 


1898.  Bristol 

1899.  Dover  

1900.  Bradford .. 

1901.  Glasgow  .. 


Dr.  Ludwig  Mond,  F.R.S,  ... 

Prof.  W.  Ramsay,  F.R.S 

I 

iProf.  F.  R.  Japp,  F.R.S 

Horace  T.  Brown,  F.R.S 

I 
Prof.  W.  H.  Perkin,  F.RS. ... 

Prof.    Percy  F.    Frankland, 
F.R.S. 


E.  H.  Fison,  Arthur  Harden,  C.  A. 

Kohn.J.  W.Rodger. 
Arthur  Harden,  C.  A.  Kohn. 
Prof.  W.  H.  Ellis,  A.  Haiden,  C.  A. 

Kohn,  Prof.  R.  F.  Rutton. 
C.  A.  Kohn,  F.  W.  Stoddart,  T.  K. 

Rose. 
A.  D.  Hall,  C.  A.  Kohn,  T.  K.  Rose, 

Prof.  W.  P  Wynne. 
W.  M.  Gardner,  F.  8.  Kipping,  W. 

J.  Pope,  T.  K.  Rose. 
W.  C.  Anderson,  G.  G.  Henderson, 

W.  J.  Pope,  T.  K.  Rose, 


PBBSIDBNT8  AND  8B0RBTABIES  Oft  THB  SBCTIONS. 


IvH 


Date  and  Place 


1902.  Belfast 

1903.  Sonthport 

1904.  Cambridge 

1905.  SonthAfrioa 


Presidents 


Piof.  E.  Divers,  F.R.S.. 


Prof.  W.  N.  Hartley,  D.Sc, 

F.R.S. 
Prof.  Sidney  Young,  F.R.S.... 


George  T.  Beilby 


Secretaries 


R.  F.  Blake,  M.  O.  Forster,  Prof. 
G.  G.  Henderson,  Prof.  W.  J.  Pope, 

Dr.  M.  O.  Forster,  Prof.  G.  G.  Hen. 
derson,  J.  Ohm,  Prof.  W.  J.  Pope, 

Dr.  M.  O.  Forster,  Prof.  O.  G.  Hen- 
derson, Dr.  H.  O.  Jones,  Prof.  W. 
J.  Pope. 

W.  A.  Caldecott,  Dr.  M.  O.  Forster, 
Prof.  G.  G.  Henderson,  C.  F.  Joritjs. 


GEOLOGICAL  (and,  until  1851,  GEOGRAPHICAL)  SCIENCE. 

COUMITTBB   OF  SCCENCES,   III. — QEOLOOT  AND  OEOOKAPHT. 

1832.  Oxford R.  I.  Murchison,  F.R.S John  Taylor. 

J 833.  Cambridge.  G.  B.  Greenongb,  F.B.S W.  Lonsdale,  Jobn  Phillips. 

1834.  Edinburgh.  I  Prof.  Jameson  J.  Phillips,  T.  J.  Torrie,  Rev.  J.  Yates, 


SECTION   C. — OEOLOOT  AND  GEOGRAPHY. 


1836.  Dublin. 
1836.  Bristol . 


1837.  Liverpool... 

1838.  Newcastle. 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 


:R.  J.  Griffith 

;  Rev.  Dr.  Buckland,  F.R.S.>- 
I  6^00^.,R.LMurchison,F.R.S. 
Rev.  Prof.  Sedgwick,  F.B.8.— 
Geog.,G,B.QTeenongh,F.Ji.&, 
C.  Lyell,  F.R.8.,  V.PG.8.— 

Geography^  Lord  Prudhoe. 

Rev.  Dr.  Buckland,  F.R.S.— 

^<>^.,G.B.GreeDough,F.R.S. 

Charles  Lyell,  F.R.8.— fi^aey., 

G.  B.Greenough,  F.R.S. 
H.  T.  De  la  Beche,  F.B.S.  ... 


1842.  Manchester  R.  I.  Murchison,  F.R.S. 


1843.  Cork 

1844.  York 

1845.  Cambridge. 

1846.  Southamp- 

ton. 

1847.  Oxford 


1848.  Swansea  ... 

1 849.  Birmingham 


Richard  E.  Griffith,  F.R.S. ... 
I  Henry  Warburton,  Pres.  G.  S. 
Rev.  Prof.  Sedgwick,   M.A. 

F.R.S. 
Leonard  Homer,  F.B.S.  ...   . 

Very  Rev.Dr.Buckland,F.R.S. 

Sir  H.  T.  De  la  Beche,  F.R.S. 
Sir  Charles  Lyell,  F.R.S 


Captain  Portlook,  T.  J.  Torrie. 
I  William   Sanders,    S.    Stutohbury* 
I     T.  J.  Torrie. 

Captain  Portlock,  B.  Hunter. — Oeo' 
graphyy  Capt.  H.  M.  Denham,  R.N. 

W.  C.  Trevelyan,  Capt.  Portlook.— 
Oeoffraphy^  Capt.  Washington. 

George  Lloyd,  M.D.,  H.  B.  Strick* 
land,  Charles  Darwin. 

W.  J.  Hamilton,D.  Milne,  H.  Murray, 
H.  E.  Strickland,  J.  Scoular. 

W.  J .  Hamilton, Edward  Moore,  M.D. , 
I     R.  Hntton. 

IE.  W.  Binney,  R.  Hutton,  Dr.  R. 
I     Lloyd,  H.  E.  Strickland. 

F.  M.  Jennings,  H.  E.  Strickland. 

Prof.  Ansted,  E.  H.  Bunbury. 
'  Rev.  J.  C.  Cumming,  A.  C.  Ramsay, 
I     Rev.  W.  Thorp. 

!  Robert  A.  Austen,  Dr.  J.  H.  Norton, 
I     Prof.  Oldham,  Dr.  C.  T.  Beke, 

Prof.  Ansted,  Prcf .  Oldham,  A.  C. 
I     Ramsay,  J.  Riiskin. 
'  8.Benson,Prof.01dbam,Prof.Ramsay 

J.  B.  Jukes,  Prof.  Oldham,  A.  0. 


1850.  Edinburgh  ■  iSir  Roderick   L   Murchison, '  A.  Keith  Johnston,  Hugh  Miller, 
I     F.R.S.  I     Prof.Niool. 

SECTION  c  {continued), — geology. 

1861.  Ipswich    ...iWilliamUopkin8,M.A.,F.R.S.  C.  J.  F.  Bunbury,  G.  W.  Ormerod, 
I  Scarles  Wood. 

1852.  Belfast Lieut. -Col.    Portlock,    R.E.,  James    Bryce,    James    MacAdam, 

I     F.R.S.  1     Prof.  M'Coy,  Prof.  Nicol. 

1853.  Hull I  Prof.  Sedgwick,  F.R.S |  Prof.  Harkness,  William  Lawton. 

1854.  Liverpool . .  Prof.  Edward  Forbes,  F.R.S. ,  John  Cunningham,  Prof.  Harkness, 

'  I     G.  W.  Ormerod,  J.  W.  Woodall. 


'  Geography  was  constituted  a  separate  Section,  see  page  1^5qqq{^ 


iTiii 


i«powiv^l906. 


Date  and  Place 


1855.  Glasgow  ... 
1866.  Cheltenham 


1857.  Dublin 

1858.  Leeds   

1859.  Aberdeen... 

1860.  Oxford 

186L  Kanchester 
1862.  Cambridge 
186.S.  Newcastle 

1864.  Bath 

1 865.  Birmingham 
.866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 

1869.  Exeter 

1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton ... 

1873.  Bradford... 

1874.  Belfa«?t 

1875.  Bristol 

1876.  Glasgow  ... 

1877.  Plymouth... 

1878.  Dublin 

1879.  Sheffield  ... 

1880.  Swansea  ... 

1881.  York 

1882.  Southamp- 

ton. 

1883.  Southport 

1884.  Montreal ... 

1885.  Aberdeen... 

1886.  Birmingham 

1887.  Manchester 


Presidents 


Sir  R.  I.  Murchison,  F.B.S.. 
Prof.  A.  C.  Ramsay,  F.R.S.. 


The  Lord  Talbot  de  Malahide 

William  Hopkins,M.A.,  F.R.S. 
Sir    Charles     Lyell,    LL.D., 

D.C.L.,  F.R.S. 
Rev.  Prof.  Sedgwick,  F.R.S... 

Sir  R.  I.  Murchison,  D.C.L., 

LL.D.,  F.R.S. 
J.  Bcete  Jukes,  M.A.,  F.R.S. 

Prof.  Warington  W.  Smyth, 

F.R.S.,  K.G.S. 
Prof.     J.      Phillips,     LL.D., 

F.R.S.,  F.G.8. 
Sir   R.   I.   Murchison,  Bart., 

K.C.B.,  F.R.S. 
Prof.  A.  C.  Ramsay,  LL.D., 

F.R.S. 

Archibald  Geikie,  F.R.S 

R.     A.    C.    Godwin-Austen, 

F.R.S.,  F.G.S. 
Prof.    R.    Harkness,   F.R.S., 

F.G.S. 
Sir  Philipde  M.Grey  Egerton, 

Bart..,  M.P.,  F.R.S. 
Prof.  A.  Geikie,  F.R.S.,  F.G.S. 

R.     A.     C.    God  win- Austen, 

F.R.S.,  F.G.S. 

Prof.  J.  Phillips,  F.R.S 

Prof.    Hull,     M.A.,    F.R.S., 

F.G.S. 
Dr.  T.  Wright,  F.R.S.E.,  F.G.S. 
Prof.  John  Young,  M.D.  ... 


W.   Pengelly,  F.R.S.,  F.G.S 

John  Evans,  D.C.L.,  F.R.S., 

F.S.A.,  F.G.S. 
Prof.  P.  M.  Duncan,  F.R.S. 
H.  C.  Sorby,  F.R.S.,  F.G.S.... 
A.  C.  Ramsay.  LL.D.,  F.R.S., 

F.G.S. 
R.  Etheridge,  F.R.S.,  F.G.S. 

Prof.     W.     C.     Williamson, 

LL.D..  F.R.S. 
W.  T.  Blanford,  F.R.S.,  Sec. 

G.S. 
Prof.  J.  W.  Judd,  F.R.S.,  Sec. 

G.S. 
Prof.  T.    G.   Bonney,   D.Sc. 

LL.D.,  F.RaS.,  F.G.S. 
Henry     Woodward,     LL.D., 

F.B.S..  F.G.S. 


Secretaries 


J.  Bryce,  Prof.  Harkness,  ftpof .  Nicol. 
Rev.  P.  B.  Brodie,   Rev.   R.   Hep- 
worth,  Edward  Hull,  J.  Scougall, 

T.  Wright. 
Prof.  Harkness,  G.  Sanders,  R.  H. 

Scott. 
Prof.  Nicol,  H.  C.  Sorby,  B.  W.  Shaw. 
Prof.  Harkness,  Rev.  J.  Longmuir, 

H.  C.  Sorby. 
Prof.    Harkness,    E.  Hull,    J.    W. 

Woodall. 
Prof.  Harkness,    Edward    Hull,  T. 

Rupert  Jones,  G.  W.  Ormerod. 
Lucas    Barrett,    Prof.    T.    Rupert 

Jones,  H.  C.  Sorby. 

B.  F.  Boyd,  John  Daglish,  H.  C. 
Sorby,  Tliomas  Sopwith. 

W.  B.  Dawkins,  J.  Johnston,  H.  C. 
Sorby,  W.  Pengelly. 

Rev.  P.  B.  Brodie,  J.  Jones,  Rev.  B. 
Myers,  H.  C.  Sorby,  W.  Pengelly. 

R.  Etheridge,  W.  Pengelly,  T.  Wil- 
son, G.  H.  Wright. 

E.  Hull,  W.  Pengelly,  H.  Woodward. 
Rev.  O.  Fiflher,  Rev.  J.  Gunn,  W. 

Pentrelly,  Rev.  H.  H.  Winwood. 
W.   Pengelly,   W.   Boyd    Dawkins, 

Rev.  H.  H.  Winwood. 
W.  Pengelly,  Rev.  H.  H.  Winwood, 

W.  Boyd  Dawkins,  G.  H.  Morton. 
R.  Etheridge,  J.  Geikie,  T.  McKenny 

Hughes,  L.  C.  Miall. 
L.  C.  Miall,  George  Scott,  William 

Toplcy,  Henry  Woodward. 
L.C.Miall,R.n.Tiddeman,W.Topley. 

F.  Drew,  L.  C.  Miall,  R.  G.  Symes, 
R.  H.  Tiddeman. 

L.  C.  Miall,  B.  B.  Tawney,  W.Topley. 

J.  Arms!  rang,  F.  W.  Rudler,  W. 
Topley. 

Dr.  Le  Neve  Foster,  R.  H.  Tidde- 
man, W.  Topley. 

E.  T.  Hardman,  Prof.  J.  O'Reilly, 
R.  H.  Tiddeman. 

W.  Topley,  G.  Bhike  Walker. 

W.  Topley,  W.  Wliitaker. 

J.  E.  Clark,  W.  Keeping,  W.  Topley, 
W.  Whitaker. 

T.  W.  Shore,  W.  Topley,  B.  West- 
lake,  W.  Whitaker. 

R.  BeUey,  C.  E.  De  Ranee,  W.  Top- 
ley,  W.  Whitaker. 

F.  Adams,  Prof.  E.  W.  Claypole,  W. 
Topley,  W.  Whitaker. 

C.  E.  De  Ranee,  J.  Home,  J.  J.  H. 
Teall,  W.  Topley. 

W.  J.  Harrison,  J.  J.  H.  Teall,  W. 
Topley,  W.  W.  Watts. 

J.  B.  Marr,  J.  J.  H.  Teall,  W.  Top- 
ley,  W.  W.  Watta. 

^        ^   -    -     o 
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Date  and  Place 


1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1896. 

1896. 
1897. 

1898. 

1899. 

1900. 

1901. 
1902. 

1903. 

1904. 

1905. 


Bath. 


Newcastle- 
upon-Tyne 
Leeds  


Presidents 


Secretaries 


I 


Cardiff...... 

Edinburgh 
Nottingham 

Oxford 

Ipswich    ... 


Plof.W.  Boyd  Dawkins,  M.A., 

F.R.S.,  F.G.8. 
Prof.  J.  Geikie,  LL.D.,  D.C.L., 

F.R.S.,  F.G.S. 
Prof.    A.    H.    Green,    M.A., 

F.R.8.,  F.G.S. 
Prof.  T.  Rupert  Jones,  F.R.S., 

F.G.S. 
Prof.    C.    Lapworth,    LL.D., 

F.R.S.,  F.G.S. 
J.  J.  H.  Teall,  M.A.,  F.R.S., 

F.G.S. 
L.  Fletcher,  M.A.,  F.R.S.    ... 

W.  Whitaker,  B.A.,  F.R.S.  ... 


Liverpool...  J.  B.  Marr,  M.A.,  F.R.S 

Toronto    ...  Dr.  G.  M.    Dawson,  C.M.G., 

•     F.R.8. 
Bristol |W.  H.  Hudleston,  F.R  S 

Dover  Sir  Archibald  Geikie,  F.R.S. 

Bradford  ...  Prof.  W.  J.  SoUas,  F.R.S.    ... 


Glasgow  ... 
Belfast 


John  Home,  F.R.S 

Lieut.-Gen.   0.  A.  McMahon, 

I  F.R.S. 
SoutlipoTt    iProf.    W.   W    Watts,    M.A., 

I  M.Sc. 
Cambridge    Aubrey  Strahan,  F.R. S 

SouthAfrica  Prof.  H.  A.  Miers,  M.A.,  D.Sc, 
I     F.R,S. 


Prof.  G.  A.  Lebour,  W.  Topler,  W. 

W.  Watts,  H.  B.  Woodward. 
Prof.  G.  A.  Lebour,  J.  B.  Marr,  W. 

W.  Watts,  H.  B.  Woodward. 
J.  B.  Bedford,  Dr.  F.  H.  Hatch,  J. 

B.  Marr,  W.  W.  Watts. 
W.  Galloway,  J.  B.  Marr,  Clement 

Reid,  W.  W.  Watts. 
H.  M.  Cadell,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
J.  W.   Carr,  J.   B.  Marr,  Clement 

Reid,  W.  W.  Watts. 
F.  A.  Bather,  A.  Marker,  Clement 

Reid,  W.  W.  Watts. 

F.  A.  Bather,  G.  W.  Lamplugh,  H. 
A.  Miers,  Clement  Reid. 

J.  Lomas,  Prof.  H.  A.  Miers,  C.  Reid. 
Prof.  A.  P.  Coleman,  G.  W.  Lamp- 
lugh, Prof.  H.  A.  Miers. 

G.  W.  Lamplugh,  Prof.  H.  A.  Miers, 
H.  Pentecost. 

J.  W.   Gregory,   G.  W.    Lamplugh, 

Capt.  McDakin,  Prof.  H.  A.  Miers. 
H.  L.  Bowman,  Rev.  W.  L.  Carter, 

G.  W.  Lamplugh,  H.  W.  Monckton. 
H.  L.  Bowman,  H.  W.  Monckton. 
H.  L.  Bowman,  H.  W.  Monckton, 

J.  St.  j;  Phillips,  H.  J.  Seymour. 
H.  L.  Bowman,  liev.  W.  L.  Carter, 

J.  Ijomas,  H.  W.  Monckton. 
H.  L.  Bowman,  Rev.  W.  L.  Carter, 

J.  Lomas,  H.  Woods. 
H.  L.Bowman,"J.  Lomas,  Dr.  Molen- 

graaff.  Prof.  A.  Young,  Prof.  R.  B. 

Young. 


BIOLOGICAL  SCIENCES. 

GOMlflTTEE  OF  SCIENCES,   IV. — ZOOLOGY,   BOTANY,   PHYSIOLOGY,  ANATOMY. 

1832.  Oxford |Rev.  P.  B.  Duncan,  F.G.S Rev.  Prof.  J.  S.  Hen.slow. 

1833.  Cambridge 'I Rev.  W.L.  P.  Garnons,  F.L.S.  C.  C.  Babington,  D.  Don. 

1834.  Edinburgh .  Prof.  Graham W.  Yarrell,  Prof.  Burnett. 


1836.  Dublin. 
1836.  Briatol . 


1837.  Liverpool... 

1838.  Newcastle 

1839.  Bixmingham 

1840.  Glasgow  ... 

1841.  Plymouih... 

1842.  Manchester 


SECTION   D. — ZOOLOGY  AND   BOTANY. 

Dr.  Allman J.  Curtis,  Dr.  Litton. 

Rev.  Prof.  Henslow J.  Curtis,  Prof.  Don,  Dr.  Riley,  8. 

Rootsey. 

W.  S.  MacLeay C.  C.  Babington,  Rev.  L.  Jenyns,  W. 

8wainson. 

Sir  W.  Jardine,  Bart 'j.  B.  Gray,  Prof.  Jones,  B.  Owen, 

Dr.  Richardson. 

Prof.  Owen,  F.R.S !  E.  Forbes,  W.  Ick,  R.  Patterson. 

Sir  W.  J.  Hooker,  LL.D Prof.  W.  Couper,  E.  Forbes,  R.  Pat- 

i     terson. 
John  Richardson,  M.D.,  F.R.S.  J.  Couch,Dr.  Lankester,  R.  Patterson. 
Hon.  "and  Very  Rev.  W.  Her-  Dr.  Lankester,  R.  Patterson,  J.  A. 
bert,  LL.D.,  F.L.S.  ,     Turner. 


>  At  this  Meeting  Physiology  and  Anatomy  were  made  a  sepanite  Gommitt^, 
for  Presiflents  apd  Secretaries  ol^hich  see  p.  Iziii.  j^ 
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Date  and  Place 


Presidents 


Secretaries 


1848.  Cork William  Thompson,  F.L.S....  O.  J.  Allman,   Dr.   Lankester,  B. 

I  I     Patterson. 

1844.  York Very  Bev.  the  Dean  of  Man-  Prof.  Allman,  H.  Goodsir,  Dr.  King, 

I     Chester.  Dr.  Lankester. 

1846.  Cambridge    Rev.  Prof.  Henslow,  F.L.S....  Dr.  Lankester,  T.  V.  Wollaston, 

1846.  Soathamp-    Sir   J.    Richardson,    M.D.,     Dr.  Lankester,  T.  Y.  Wollaston,  H. 

ton.  F,R.S.  Wooldridge. 

1847.  Oxford H.  E.  Strickland,  MA.,  F.R.S.  Dr.  Lankester,  Dr.  MelvUle,  T.  V. 

!  1     Wollaston. 

SECTION  D  (continued), — zoology  and  botany,  including  phtsiologt. 

[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Sub- 
sections and  the  temporary  Section  £  of  Anatomy  and  Medicine,  see  p.  Ixiii.] 


1848.  Swansea 


1849. 
1850. 

1851. 

1852. 

1863. 
1864. 
1865. 
1866. 

1867. 

1868. 

1869. 

1860. 

1861. 

1862. 
1863. 

1864. 

1806. 


Birmingham 
Bdinbnrgh 

Ipswich    ... 

Belfast 


Hull 

Liverpool... 
Glasgow  ... 
Cheltenham 


Dublin 

Leeds  

Aberdeen... 

Oxford 

Manchester 

Cambridge 
Newcastle 


Bath. 


L.  W.  Dillwyn,  F.R.S | 

William  Spence,  F.R.S 

Prof.  Goodsir,  F.R.S.,F.R.S.E. 

Bev.  Prof.  Henslow,  M.A.,  I 

F.R.S. 
W.  Ogilby 


B 1  r  m  1  n  g- 
ham  * 


C.  C.  Babington,  M.A.,  F.R.S. 
Prof.  Balfour,  M.D.,  F.R.S.... 
Rev.  Dr.  Fleeming,  F.R.S.E. 
Thomas  Bell,  F.R.S.,  Pres.L.S. 

Prof.  W.  n.  Harvey,  M.D., 

F.11.S. 
C.  C.  Babington,  M.A.,  F.R.S. 

Sir  W.  Jardine,  Bart.,  F.R.S.E. 

Rev.  Prof.  Henslow,  F.L.S.... 

Prof.  C.  C.  Babington,  F.R.S. 

Prof.  Huxley,  F.R.S 

Prof.  Balfour,  M.D.,  F.R.S.... 

Dr.  John  K.  Gray,  F.R.S.    ... 

T.  Tliomson,  M.D.,  F.R.S,   ... 


SECTION  D  (continued) 

1866.  Nottingham  I  Prof.  Huxley,  ¥,Ji,H,—Dep. 
of  Ph-yHol,,  Prof.  Humphry, 
F.R.S.— i><y .  ofAftthropol, 
A.  R.  Wallace. 

1867.  Dundee  ...  |  Prof.  Sharpey,  M.D.,  Sec.  R.S. 
— Dejf.  of  ZooL  and  Btft.^ 
George  Busk,  M.D.,  F.R.S. 

1868.  Norwich  ...  Rev.  M.  J.  Berkeley,  F.L.S. 
— Dep,  of  Physioloffif,  W. 
H.  Flower,  F.R.S. 


Dr.  R.  Wilbraham  Falconer,  A.  Hen- 

frey.  Dr.  Lankester. 
Dr.  Lankester,  Dr.  Russell. 
Prof.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 
kester, Dr.  Douglas  Madagan. 
Prof.  AUman,  F.  W.  Johnston,  Dr.  K. 

Lankester. 
Dr.  Dickie,  George  0.  Hyndman,  Dr. 

Edwin  Lankester. 
Robert  Harrison,  Dr.  E.  Lankester. 
Isaac  Byerley,  Dr.  E.  Lankester. 
William  Eeddie,  Dr.  Iiankester. 
Dr.  J.  Abercrombie,  Prof.  Buckman, 

Dr.  Lankester. 
Prof.  J.  R.  Kinahan,  Dr.  E.  Lankester, 

Robert  Patterson,  Dr.  W.  £.  Steele. 
Henry  Denny,  Dr.  Heaton,  Dr.  B. 

Lankester,  Dr.  £.  Perceval  Wright. 
Prof.  Dickie,  M.D.,  Dr.  E.  Lankester, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright. 
Dr.  T.  Alcock,  Dr.  E.  Lankester,  Dr. 

P.  L.  Sclater,  Dr.  B.  P.  Wright. 
Alfred  Newton,  Dr.  E.  P.  Wright. 
Dr.  E.  Charlton,  A.  Newton,  Rev.  H. 

B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  Brady,  C.  E.  Broom*  H.  T. 

Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Bev.  C.  Clarke,  Rev. 

H.  B.  Tristram,  Dr.  E.  P.  Wright. 

. — BIOLOGY. 

Dr.  J.  Beddard,  W.  Felkin,  Rev.  H. 
B.  Tristram,  W.  Turner,  B.  B. 
Tylor,  Dr.  E.  P.  Wright. 

C.  Spence  Bate,  Dr.  S.  Cobbold,  Dr. 

M.  Foster,  H.  T.  Stainton,  Rev. 

H.  B.  Tristram,  Prof.  W.  Turner. 
Dr.  T.  S.  Cobbold,  G.  W.  Firth,  Dr. 

M.  Foster,  Prof.  Lawson,  H.  T. 

Stainton,  Rev.  Dr.  H.  B.  Tristram. 

Dr.  E.  P.  Wrigfht. 


The  title  of  Section  D  was  changed  to  Biolo^.     C^ooolp 
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Dmteand  Plaoe 


Presidents 


1M9.  £xeter. 


1870.  Livezpool., 


1871.  Edinburgh 


1878.  Brighton  ... 


1873.  Bradford  ... 


1874.  Belfast. 


1875.  Briatol . 


1876.  Glai^o^ 


1877.  Plymouth... 


1878.  Dttblin 


1879.  Sheffield  ... 


1880.  Swansea  , 


1881.  fork 


George  Busk,  F.E.S^  F.L.S. 

— Dep,  qf  Bot»  and  Zoot, 

C.  Spence  Bate,  F.R.S.— 

JDep.  o/Mhno.,  E.  B.  Tylor. 

iProf.G.BoUeston,M.A.,M.D., 

F.R.S.,    F.L.8.— i?ip.   of 

\     Anat.  and  Phynol^Frot  M 

Foster,  M.D.,  F.L.S.— 2>e^?. 

'     of  Mhna.,  J.  Evans,  F.B.S. 

Prof.  Allen  Thomson,  M.D., 

I     F.R.8.— 2X?/i.  of  BoL  and 

,     JKw2.,Prof.WyvilleThomson, 

;     F.R.8.— ifep.  qf  Antkropol, 

I     Prof.  W.  Turner,  M.D. 

'  Sir  J.  Lubbock,Bart.,F.R.S. 

I     Dffp,  ofAnat,  and  Phytiott 

I     Dr.     Burdon      Sanderson, 

I     F.R.8.— 2)^.  of  Anthropol, 

Col.  A.  Lane  Fox,  F.G.S, 

'  Prof.  Allman,F.B.S.— j^.  of 

I     Anat.andPhy9iol,,Vroi.'Si\x- 

therford,M.D. — Dep.ofAn- 

I     thropoL,  Dr.  Beddoe,  F.R.S 

Prof.  Bedfcm,  M.D.— 2Vp.  of 

ZooL  and  Bot.y  Dr.  Hooker, 

C.B.,Pre8.B.S.— -D^.^y/^w- 

throp,,  Sir  W.   R.  Wilde, 

M.D. 

P.  L.  Sclater,  F.R.8.— Diy.o/ 

Anat.  and  Physiol,  Prof. 

Cleland,    F.R.8,—Bep.   of 

>lj»eA.,Prof.Bolle8ton,F.R.S. 

A.  Russel  Wallace,  F.L.S.— 

Ikp,    of    Zool.    and  Bot., 

Prof.  A.  Newton,  F.R.S.— 

Jkp.  of  Anat,  and  PhyswL, 

Dr.  J.  G.  McEendrick. 

J.  Gwyn    Jeffreys,  F.R.S.— 

Dep,  of  Anat.  and  PhyHoL, 

Prof.  Macalister. — B!ep.  of 

AnthropoL,F,Galton,F.B.,B, 

Prof.  W.  H.  Flower,  F.R.S.— 

J[>ep.   of  AnthropoL,  Prof. 

Huxley,    Sec.    R.S.— Z?^jj. 

of  Anat.  and  PhyiioLf  R. 

t     McDonnell,  M.D.,  F.R.S. 

Prof.    St.    George     Mivart, 

i     F.R.S.— 2)<^.  (^AnthropoL, 

E.  B.  Tylor,  D.O.L.,  F.R.S. 

— Bep,  of  Anat.  and  Pky- 

sioly  Dr.  Pye-Smith. 

A.C.  L.  Gunther,F.R.S.— 2><»i?. 

!     of  Anat.  4'  Phyiiol.,  F.  M. 

,     Balfour,    F.R.8.— D^^.    of 

AnthropoL,  F.  W.  Rudler. 
R.  Owen,  F.R.S.— D^p.  ofAn- 
1  thropol..  Prof.  W.H.  Flower, 
I  F.R.S.— 2><5?.  of  Anat.  and 
1  Phyriol,  Prof.  J.  S.  Burdon 
i     Sanderson,  F.R.S. 


Secretaries 


Dr.  T.  S.  Gobbold,  Prof.  M.  Foster, 
E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  Rev.  H.  B.  Tris- 
tram. 

Dr.  T.  S.  Gobbold,  Sebastian  Ev^ns, 
Prof.  Lawson,  Thos.  J.  Moore,  H. 
T.  Stainton,  Rev.  H.  B.  Tristram, 
C.  Staniland  Wake,  £.  Ray  Lan* 
kester. 

Dr.  T.  R.  Fraser,  Dr.  Arthur  Gamgee, 

E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton, 0.  Staniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelbume 
King. 

Prof.  Thl8eUon-Dyer,H.  T.  Stainton, 
Prof.  Lawson,  F.  W.  Rudler,  J.  H. 
Lamprey,  Dr.  Gamgee,  E.  Ray 
Lankester,  Dr.  Pye-Smith. 

Prof.  Thiselton-Dyer,  Prof.  Lawson, 
R.  M'Lachlan,  Dr.  Pye-Smith,  E. 
Ray  Lankester,  F.  W.  Rudler,  J. 
H.  Lamproy. 

W.  T.  Thiselton-Dyer,  R.  O.  Cunning- 
ham, Dr.  J.  J.  Charles,  Dr.  P.  H. 
Pye-Smith,  J.  J.  Murphy,  F.  W. 
Rudler. 

E.  R.  Alston,  Dr.  McEendrick,  Prof. 
W.  R.  M*Nab,  Dr.  Martyn,  F.  W. 
Rudler,  Dr.  P.  H.  Pye-Smith,  Dr. 
W.  Spencer. 

E.  R.  Alston,  Hyde  Clarke,  Dr. 
Knox,  Prof.  W.  R.  M'Nab,  Dr. 
Muirhead,  Bcof.  Morrison  Wat- 
son. 

B.  R.  Alston,  F.  Brent,  Dr.  D.  J. 
Cunningham,  Dr.  C.  A.  Hingston, 
Prof.  W.  R.  M*Nab,  J.  B.  Rowe, 

F.  W.  Rudler. 

Dr.  R.  J.  Harvey,  Dr.  T.  Hay  den, 
Prof.  W.  R.  M*Nab,  Prof.  J.  M. 
Purser,  J.  B.  Rowe,  F.  W.  Rudler. 


Arthur  Jackson,  Prof.  W.  R.  M'Nab, 
J.  B.  Rowe,  F.  W.  Rudler,  Prof. 
Schafer. 


G.  W.  Bloxam,  John  Priestley, 
Howard  Saunders,  Adam  Sedg« 
wick. 

G.  W.  Bloxam,  W.*A.  Forbes,  &eV. 
W.  C.  Hey,  Prof.  W.  R.  M'Nab, 
W.  North,  John  Priestley,  Howard 
Saunders,  H.  E.  Spencer.  ,  p 
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RBPOKT — 1905. 


Date  and  Place 


1982.  Southamp- 
ton. 


1883.  Southport* 

1884.  Montreal  ... 

1885.  Aberdeen... 

1886.  Eirmingham 

1887.  Manchester 

1888.  Bath 


1889.   Newcastle- 
upon-Tyne 


1890.  Leeds   . 

1891.  Cardiff. 


1892.  Edinburgh 

1893.  Nottingham' 

1894.  Oxford"  ... 


Presidents 


Prof.  A.  Gamgee,  M.D.,  F.R.8. 

^  Dep.  of  ZooU  and  Bot^ 

Prof.  M.  A.  Lawson,  F.L.S. 

— Dep,  of  A  tttkropol.t  Prof. 

W.  noyd  Dawkins,  B\B.S. 
Prof.  K.  RayLankester,  M.A., 

F.R.S.— Dfyi.  of  Anthropol., 

W.  Pengelly.  F.R.S. 

Prof.   H.  N.   Moseley,  M.A., 

F  R  8 
Prof.  W.  C.  M'Intosh,  M.D., 

LL.D.,  F.R8.,  F.R.8.B. 

W.     Camithers,    Pres.    L.S., 
F.R.8.,  F.G.8. 

Prof.  A.  Newton,  M.A.,  F.R.S., 
F.L.S.,  V.P.Z.S. 

W.  T.  Thiselton-Dyer,  C.M.G., 
F.R.S.,  F.L.S. 

Prof.  J.  S.  Burdon  Sanderson, 
M.A..  M.D.,  F.R.8. 

Prof.    A.    Milnes     Marshall, 
M.A.,  M.D.,  D.Sc.  F.R.S. 

Francis  Darwin,  M.A.,  M.B., 
F.R.S.,  F.L.S. 

Prof.  W.   Rutherford,   M.D., 

F.R.S..  F.R.S.E. 
Rev.  Canon  H.  B.  Tristram, 

M.A„  LL.D.,  F.R.S. 

Prof.  I.  Bayley  Balfour,  M.A., 
F.R.8. 


Secretaries 


G.  W.  Bloxam,  W.  Heape,  J.  B. 
Nias,  Howard  Saunders,  A.  Sedg^ 
wick,  T.  W.  Shore,  jun. 


G.   W.   Bloxam,  Dr.  G.  J.  Haslam, 

W.  Heape,  W.  Hurst,  Prof.  A.  M. 

Marshall,  Howard  Saunders,  Dr. 

G.  A.  Woods. 
Prof.  W.  Osier,  Howard  Saunders,  A. 

Sedgwick,  Prof.  R.  R.  Wright. 
W.  Heape,  J.  McGregor-Robertson, 

J.    Duncan    Matthews,   Howard 

Saunders,  H.  Marshall  Ward. 
Prof.  T.  W.  Bridge,  W.  He^)e,  Prof. 

W.  Hillhouse,  W.  L.  Sclater,  Prof. 

H.  MarshaU  Ward. 
C.  Bailey,  F.  E.  Beddard,  S.  F.  Har- 

mer,  W.  Heape,  W.  L.   Sclater, 

Prof.  H.  Marshall  Ward. 
F.  E.  Beddard,  8.  F.  Harmer,  Prof. 

H.  Marshall  Ward,  W.  Gardiner, 

Prof.  W.  D.  Halliburton. 
C.  Bailey.  F.  E.  Beddard,  8.  F.  Har- 
mer, Prof.  T.  Oliver,  Prof.  H.  Mar- 

slmll  Ward. 
S.  F.  Harmer,  Prof.  W.  A.  Herdman, 

8.  J.  Hickson,  F.  W.  Oliver,  H. 

Wager,  H.  Marshall  Ward. 

F.  E.  Beddard,  Prof.  W.  A.  Herdman, 
Dr.  S.  J.  Hickson,  Q.  Murray,  Prof. 
W.  N.  Parker,  H.  Wager. 

G.  Brook,  Prof.  W.  A.  Herdman,  O. 
Murray,  W.  Stirling,  H.  Wager. 

G.  O.  Bourne,  J.  B.  Farmer,  Prof. 
W.  A.  Herdman,  8.  J.  Hickson, 
W.  B.  Ransom,  W.  L.  Sclater. 

W.  W.  Benham,  Prof.  J.  B.  Farmer, 
Prof.  W.  A.  Herdman,  Prof.  S.  J. 

I     H  ickson ,  G.  M  urray ,  W.  L.  Sclater. 


1895.  Ipswich    . 

1896.  Liverpool.. 

1897.  Toronto 

1898.  Bristol. 


1899.  Dover  

1900.  Bradford.. 


1901.  Glasgow 


SECTION  D  {continued), — zoology. 

•  iProf.W.  A.  Herdman,  F.R.S.  G.  O.   Bourne,    H.    Brown,  W.   E. 
I  Hoyle,  W.  L.  Sclater. 

.Prof.  E.  B.  Poulton,  F.R.S.  ...  U.  O.  Forbes,  W.  Garstang,  W.  B. 
I  Hoyle. 

.  Prof.  L.  C.  Miall,  F.R.S W.   Garstang,   W.  E.  Hoyle,  Prof. 

E.  B.  Prince. 
.  Prof.  W.  F.R.Weldon,F.R.8.  Prof.  R.  Boyce,  W.   Garstang,  Dr. 
i  A.  J.  Harrison,  W.  E.  Hoyle. 

. '  Adam  Sedgwick,  F.R.8 ,  W.  Garstang,  J.  Graham  Kerr. 

Dr.  R.  H.  Traquair,  F.R.S.  ...  W.    Garstang,  J.  G.   Kerr,    T.    H. 

I     Taylor,  Swale  Vincent. 
Prof.  J.  Cossar  Ewart,  F.R.S.  | J.  G.  Kerr,  J.  Rankin,  J.  T.  Simpson. 


*  Anthropology  was  made  a  separate  Section,  see  p.  Izz. 

*  Physiology  was  made  a  separate  Section,  see  p.  Izxi. 

'  The  title  of  Section  D  was  changed  to  Zoology.^  zed  by 
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F&SSlDfiNTB  AND  SMfeHIAllIlS  Of  tHE  BBGTlONS. 


Iztii 


Date  and  Plao» 


1902.  Belfast 

190a.  Soathport 

1904.  Cambridge 


Presidents 


Prof.  G.  B.  Howes,  F.R.S.  .. 
Prof.  S.  J.  Hickson,  F.R.S. .. 

VVilliam  Bateson,  F.R.S 


1905.  SoathAfrica  G.  A.  Boulenger,  F.R.S. 


SecretariM 


Prof.  J.  G.  Kerr,  B.  Patterson,  J.  Y. 

Simpson. 
Dr.  J.  H.  Ash  worth,  J.  Barcroft,  A. 
I     Quayle,   Dr.  J.  Y.  Simpson,   Dr. 
i     H.  W.  M.  Tims. 
Dr.  J.  H.  Ash  worth,  L.  Doncaster, 
Prof.  J.  Y.  JSimpaon,  Dr.  H.  W.  M. 
Tims. 
Dr.  Pakes,  Dr.  Purcell,  Dr.  H.  W.  M. 
i     Tims,  Prof.  J.  Y.  Simpson. 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES. 

COMMITTEB  OF  SGIEH0E8,  Y. — ANATOMY  AND   PHYSIOLOGT. 

1833.  Cambridge  |Dr.  J.  Haviland IDr.  H.  J.  H.  Bond,  Mr.  G.  B.  Paget. 

1834.  Edinburgh    I  Dr.  Aben^-ombie  |  Dr.  Roget,  Dr.  William  Thomson. 

SBCTIOH  £   (until   1847). — ANATOMY  AND   MEDICINE. 

Dr.  Harrison,  Dr.  Hart. 

Dr.  Symonds. 

Dr.  J.   Carson,  Jan.,  James  Long, 

Dr.  J.  R.  W.  Vose. 
T.  M.  Greenhow,  Dr.  J.  R.  W.  Vose. 
Dr.  G.  O.  Rees,  F.  Ryland. 
Dr.J.Brown,Prof .  Couper,  Prof.  Beid. 


1835.  Dublin 

1836.  Bristol 

1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 


Dr.  J.  C.  Pritchard  

Dr.  P.  M.  Roget,  F.B.S. 
Prof.  W.  Clark,  M.D.   .. 


T.  B.  Headlam,  M.D 

John  Yelloly,  M.D.,  F.R.8. 
James  Watson,  M.  D 


1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge 

1846.  Southamp- 

ton. 

1847.  Oxford"   ... 


SECTION  B. — PHYSIOLOGY. 

P.  M.  Roget,  M.D.,  Sec.  R.S.  i  J.  Blotter,  J.  Fugc,  R.  S.  Sargent. 
Edward  Holme,  M.D.,  F.L.S.'Dr.  Chayter,  Dr.  R.  S.  Sargent. 
Sir  James  Pitcaim,  M.D.    ...  |  Dr.  John  Popham,  Dr.  R.  8.  Sargent. 

I.  Erichsen,  Dr.  R.  S.  Sargent. 

Dr.  R.  S.  Sargent,  Dr.  Webster. 

C.  P.  Keele,  Dr.  Laycock,  Dr.  Sar- 
gent. 

T.  K.  Chambers,  W,  P.  Ormerod. 


J.  C.  Pritchard,  M.D 
Prof.  J.  Haviland,  M.D.  . 
Ptof.  Owen,  M.D.,  F.R.S. 


I  Prof.  Ogle,  M.D.,.F.R.S. 


1850.  Edinbui^h 
1855.  Glasgow  ... 

1857.  Dublin 

1858.  Leeds  

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchestes 

1862.  Cambridge 
1868.  Newcastle 

1864.  Bath 

1865.  Birming- 

ham' 


PHYSIOLOGICAL  SUBSECTIONS   OF   SECTION    D. 

Prof.  Bennett,  M.D.,  F.R.S.E. 
Prof.  AOlen  Thomson,  F.R.S. 

Prof.  R.  Harrison,  M.D 

Sir  B*  Brodie,  Bart.,  F.B.S. 
Prof.  Sharpey,  M.D.,  SecB-ti. 
Prof.G.Rol)eston,M.D.,F.L.S. 

Dr.  John  Davy,  F.R.S 

G.  E.  Paget,  M.D 

Prof.  Rolleston,  M.D.,  B\R.S. 
Dr.  Edward  Smith,  F.R.S. 
Prof.  Acland,    M.D.,  LL.D. 
F.R.S. 


I  Prof.  J.  H.  Corbett,  Dr.  J.  Struthers. 
IDr.  R.  D.  Lyons,  Prof.  Redfern. 
IC.  G.  Wheelhouse. 
I  Prof.  Bennett,  Prof.  Redfern. 

Dr.  R.  M*Donnell,  Dr.  Edward  Smith. 
I  Dr.  W.  Roberts,  Dr.  Edward  Smith. 
Ig.  F.  Helm,  Dr.  Edward  Smitli. 

Dr.  D.  Embleton,  Dr.  W.  Turner. 
I  J.  S.  Bartrum,  Dr.  W.  Turner. 
'Dr.  A.    Fleming,    Dr.    P.    Heslop, 
I     Oliver  Pembleton,  Dr.  W.  Turner. 


*  Sections  D  and  B  were  inoorporated  under  the  name  of  '  Section  D — Zoology, 
imd  Botany,  including  Physiology'  (see  p.  lix).  Sectioa  B»  being  then  vacant, 
waaaspigned  Ia  1851  to.GteogTcaphy;.  ^^  j 

•  Vide  npte  on  page  lix.  Digitized  by  V^OOg IC 
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BBPOBl — 1906. 


Date  and  Place 


FresidenU 


Secretaries 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Presidents  and  Secretaries  for  Geography  previous  to  1861,  see  Section  Of 
p.  Ivii.] 

STHNOLOOIGAL  SUBSEOTtONS  OF  SECTION   D. 


1846»Soathampton 

1847.  Oxford  

1848. Swansea    ... 

1849.  Birmingham 

1850.  Bdinborgh 


Dr.  J.  C.  Pritchard  

Prof.  H.  H.  Wilson,  M.A. 


Vice- Admiral  Sir  A.  Malcolm 


Dr.  King. 
Prof.  Buckley. 
O.  Grant  Francis. 
Dr.  R.  G.  Lathami 
Daniel  Wilson j 


SECTION   E.— GEOGRAPHY  AND  ETHNOLOGY. 


1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 

1867. 
1868. 


Ipswich    ... 

Belfast 

Hull 

Liverpool... 
Glasgow  ... 
Cheltenham 

Dublin 

Leeds  

Aberdeen...; 

Oxford 

Manchester 
Cambridge 
Newcastle 

Bath 

Birmingham 
Nottingham 


Sir  R.  L  Murchison,  F.R.S., 
Pres.  R.G.8.  ! 

Col.  Chesney,  R.A.,  D.C.L., 
F.R.S. 

R.  G.  Latham,  M.D.,  F.R.S. 

Sir  R.  L  Murchison,  D.C.L., 

F.R.S. 
Sir    J.    Richardson,     M.D., 

F.R.S. 
Col.  Sir    H.   C.    Rawlinson, 

K.C.B. 
Rev.  Dr.  J.  Henthorn  Todd, 

Pres.R.I.A. 
Sir  R.I.  Murchison,  G.CSt.S., 

F.R.S. 
Rear  -  Admiral     Sir    James 

Clerk  Ross,  D.C.L.,  F.R.S. 
Sir  R.  I.  Murchison,  D.C.L.. 

F.R.S. 
John  Crawfurd,  F.R,S 


Francis  Galton,  F.R.S 

Sir  R.  I.  Murchison,  K.C.B., 

F.R.S. 
Sir  R.  I.  Murchison,  K.C.B., 

F.R.S. 
Major-General  Sir  H.  Raw- 

linson,  M.P.,  K.C.B.,  F.R.S. 
Sir  Chivrles  Nicholson,  Bart., 

LL.D. 


Dundee    ...  Sir  Samuel  Baker,  F.R.G.S. 

I 
Norwich  ...,Capt.  G.  H.  Richards,  R.N., 

I     F.R.S. 


R.  Cull,  Rev.  J.  W.  Donaldson,  Dr. 

Norton  Shaw. 
R.  Cull,  £.  MacAdam,  Dr.  Norton 

Shaw. 
R.   Cull,  Bev.    H.  W.  Kemp,   Dr. 

Norton  Shaw. 
Richard  Cull,  Rev.  H.  Higgins,  Dr. 

Ihne,  Dr.  Norton  Shaw. 
Dr.  W.  G.  Blackie,    R.  Cull,  Dr. 

Norton  Shaw. 
R.   Cull,  F.   D.    Hartland,  W.   H. 

Rumsey,  Dr.  Norton  Shaw. 
R.   Cull,  S.   Ferguson,   Dr.   R.    R. 

Madden,  Dr.  Norton  Shaw. 
R.  Cull,  F.  Galton,  P.  O'Callaghan, 

Dr.  Norton  Shaw,  T.  Wright. 
Richard  Cull,  Prof.Geddes,  Dr.  Nor- 
ton Shaw. 
Capt.  Burrows,  Dr.  J.  Hunt,  Dr.  C. 

Lemprifere,  Dr.  Norton  Shaw. 
Dr.  J.  Hunt,  J.  Kingsley,  Dr.  Nor- 
ton Shaw,  W.  Spottiswoode. 
J.W.Clarke,  Rev.  J.  Glover,  Dr.  Hunt, 

Dr.  Norton  Shaw,  T.  Wright. 
C.  Carter  Blake,  Hume  Greenfield, 

C.  R.  Markham,  R.  8.  Watson. 
H.  W.  Bates,  C.  R.  Markham,  Capt. 

R.  M.  Murchison,  T.  Wright. 
H.  W.  Bates,  S.  Evans,  G.  Jabet,. 

C.  R.  Markham,  Thomas  Wright. 
H.  W.  Bates,  Rev.  B.  T.  Cusins,  R. 

H.  Major,  Clements  R.  Markham, . 

D.  W.  Nash,  T.  Wright. 

H.  W.  Bates,  Cyril  Graham,  C.  R. 
Markham,  S.  J.  Mackie,  R.  Storrock. 
T.  Raines,  H.  W.  Bates,  Clements  B. 
Markham,  T.  Wright. 


SECTION  B  {continued). — geogbaphy. 


1869.  Exeter. 


1870.  Liverpool... 


Sir    Bartle    Frere, 

LL.D.,  F.R.G.S. 
Sir  R.  LMurchison,  Bt.,K.C.  B., 

LL.D.,D.C.L.,F,R.S.,F.G.S. 


E.C.B.,!H.  W.  Bates,  Clements  R.  Markham, 
J.  H.  Thomas. 
H.W.Bates,  David  Buxton,  Albert  J. 
Mott,  descents  9.  MMkhui. 


PRESIDENTS  AND  SECRETARIES  OF   THE   SECTIONS 


Ixv 


Dftteand  Place 


1871.  BdinboTgh 

1872.  Brighton ... 

1873.  Bradford ... 

1874.  Belfast 

1875.  Bristol 

1876.  Glasgow  ... 

1877.  Plymonth... 

1878.  Dublin 

1879.  Sheffield  ... 

1880.  Swansea  ... 

1881.  York 


1883.  Southamp- 
ton. 

1883.  Southport 

1884.  Montreal .. 

1885.  Aberdeen.. 

1886.  BirmiDgham 

1887.  Manchester 

1888.  Bath 


1889.  Newcastle- 

upon-Tyne 

1890.  Leeds  ... 


1891.  Cardiff 

1892.  Edinburgh 

1893.  Nottingham 

1894.  Oxford... 

1895.  Ipswich    ... 

1896.  Liyerpool... 

1897.  Toronto 

1898.  Bristol... 

1899.  Dover  ... 

1900.  Bradford... 

1901.  Glasgow  .. 
1905. 


Presidents 


Colonel  Tule,  C.B.,  F.B.G.S. 

Francis  Gallon,  F.R.S 

Sir  Rutherford  Alcock,  K.C.B. 

Major  Wilson,  R.B.,  F.R.S., 

F.R.G.S. 
Lieat.  -  General     Strachey, 

R.K.,C.S.I.,F.R,8.,F.R.G.S. 

Capt.  Evans,  C.B.,  F.R.S 

Adm.  Sir  £.  Ommanney,  C.B. 
Prof.  Sir  C.  Wyville  Thom- 
son, LL.D.,F.R.8.,F.R  S.B. 
Clements  R.  Markham,  C.B., 

F.B.S.,  Sec.  R.G.S. 
Lieut.-Gen.  Sir  J.  H.  Lefroy, 

C.B.,  K.C.M.G.,R.A.,F.R.S. 
Sir  J.   D.   Hooker,  K.C.S.I., 

C.B..  P.R.S. 
Sir  R.  Temple,  Bart.,  G.C.S.I., 

F.R.G.S. 
Lieut.-Col.  H.    H.    Godwin- 
Austen,  F.R.S. 
Gen.  Sir  J.  H.  Lefroy,  C.B., 

K.C.M.G.,F.R.S.,V.P.R.G.S. 
Gen.  J.  T.  Walker,  C.B.,  R.E., 

LL.D.,  F.R.S. 
Maj.-Gen.  Sir.  F.  J.  Goldsmid, 

K.C.S.I.,  C.B.,  F.R.G.8. 
Col.    Sir    C.   Warren,    R.K., 

G.C.M.G.,  F.R.S.,  F.R.G.S 
Col.  Sir  C.  W.  Wilson,  R.E., 

K.C.B.,  F.R.S.,  F.R.G.S. 
Col.     Sir     F.     de    Winton, 

K.C.M.G.,C.B.,  F.B.G.8. 
Iieut.-Col.   Sir    R.    Lambert 

Playfair,  K.C.M.G.,  F.R.G.S 
B.  G.   Ravenstein,  F.R.G.S., 

F.S.S. 
Prof.  J.  Geikie,  D.C.L.,F.R.S., 

V.P.RScot.G.S. 
H.  Seebohm,  Sec.  R.S.,  F.L.S., 

F  Z  S 
Capt.  W.  J.  L.  Wharton,  R.N., 

F.R.S. 
H.     J.     Mackinder,     M.A., 

F.R.G.8. 
Major  L.  Darwin,  Sec.  R.G.S. 

J.  Scott  Keltic,  LL.D. 

CoL  G.  Earl  Church,  P.R.G.S. 

Sir  John  Murray,  F.R.S. 

Sir    George    S.    Robertson, 

K.C.S.L 
Dr.  H.  R.  Ijlill,  F.R.G.S. 


Secretaries 


A.  Buchan,  A.  Keith  Johnston,  Cle- 
ments R.  Markham,  J.  H.  Thomas. 

H.  W.  Bates,  A.  Keith  Johnston, 
Rev.  J.  Newton,  J.  H.  Thomas. 

H.  W.  Bates,  A.  Keith  Johnston, 
Clements  R.  Markham. 

E.  G.  Ravenstein,  E.  C.  Rye,  J.  H. 
Thomas. 

H.  W.  Bates,  E.  C.  Rye,  F.  F. 
Tnckett. 

H.  W.  Bates,  E.  C.  Rye,  R.  O.  Wood. 

H.  W.  Bates,  F.  B.  Fox,  K.  C.  Rye. 

John  Coles,  E.  C.  Rye. 

H.  W.  Bates,  C.  E.  D.  Black,  E.  C, 

Bye. 
H.  W.  Bates,  E.  C.  Rye. 

J.  W.  Barry,  H.  W.  Bates. 

E.  G.  Ravenstein,  E.  C.  Rye. 

John  Coles,  E.  G.  Ravenstein,  E.  C. 

Rye. 
Rev.  Abb6  Laflamme,  J.  S.  O'Halloran, 

E.  G.  Ravenstein,  J.  F.  Torrance. 
J.  S.  Keltic,  J  S.  O'Halloran,  E.  G. 

Ravenstein,  Kev.  G.  A.  Smith. 

F.  T,  S.  Houghton,  J.  S.  Keltic. 
E.  G.  Ravenstein. 

Rev.  L.  C.  Casartelli,  J.  S.  Keltie, 

H.  J.  Mackinder,  B.  G.  Ravenstein. 
J.  S.  Keltic,  H.  J.  Mackinder,  E.  G. 

Ravenstein. 
J.  8,  Keltie,  H.  J.  Mackinder,  R. 

Sulivan,  A.  Silva  White. 
A.  Barker,  John  Coles,  J.  S.  Keltie, 

A.  Silva  White. 
John  Coles,  J.  S.  Keltie,  H.  J.  Mac- 
kinder,  A.  Silva  White,  Dr.  Yeats. 
J,  G.  Bartholomew,  John  Coles,  J.  S. 

Keltie,  A.  Silva  White. 
Col.  F.  Bailey,  John  Coles,  H.  O. 

Forbes,  Dr.  H.  R.  Mill. 
John  Coles,  W.  S.  Dalgleish,  H.  N. 

Dickson,  Dr.  H.  R.  Mill. 
John  Coles,  H.  N.  Dickson,  Dr.  H. 

R.  Mill,  W.  A.  Taylor. 
Col.  F.  Bailey,  H.  N.  Dickson,  Dr. 

H.  R.  Mill,  B.  C.  DuB.  Phillips. 
Col.   F.   Bailey,  Capt.  Deville,  Dr. 

H.  R.  Mill,  J.  B.  Tyrrell. 
H.  N.  Dickson,  Dr.  H.  R.  Mill.  H.  C 

Trapnell. 
H.  N.  Dickson,  Dr.  H.  O.  Forbes, 

Dr.  H.  R.  Mill. 
H.  N.  Dickson,  E.  Heawood,  E.  R. 

Wethey. 
H.   N.    Dickson,    E.   Heawood,    G. 

Sandeman,  A.  C.  Tamer.     QQ  Ic 
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REPORT — 1905. 


Date  and  Place 


1902. 
1903. 

1904. 
1905. 


Belfast     ... 
Sontbport 

Cambridge 
SoutliAfrica 


Presidents 


Sir  T.  H.  Holdich,  K.C.B. 


Secretaries 


G.   G.  Cbisbolm,  E.  Heawood,  Dr. 

A.  J.  Herbertson,  Dr.  J.  A.  Lindsay. 

Capt.  E.  W.  Creak,  R.N.,  C.B.,  E.  Heawood,  Dr.  A.  J.  Herbertson, 

F.II.S.  I     K.  A.  Reeves,  Capt,  J.  0.  Un^er- 

wood. 

Donglas  W.  Fresbfield 'e.  Heawood,  Dr.  A.  J.  Herbertson, 

I     H.  Y.  Oldham.  E.  A.  Reeves. 
Adm.  Sir  W.  J.  L.  Wharton,  A.  H.  Comish-Bowden,  F.  Flowers, 
R.N.,  K.C.B ,  F,R.S.  I     Dr.  A.  J.  Herbertson,  H.  Y.  Old- 

I     ham. 

STATISTICAL  SCIENCE. 

COMMITTKB   OF  SCIENCES,  YI. — STATISTICS. 

1833.  Cambridge!  Prof.  Babbage,  F.B.S |  J.  E.  Drinkwater. 

1834.  Edinburgh  |  Sir  Charles  Lemon,  Bart. I  Dr.  Cleland,  C.  Hope  Maclean. 

SECTION  F. — STATISTICS. 

1836.  Dablin Charles  Babbage,  F.R.S i  W.  Greg,  Prof.  Longfield. 

1836.  Bristol Sir  Chas.  Lemon,  Bart.,  F.R.S.' Rev.   J.  E.  Bromby,  C.   B.  Fripp. 

James  Heywood. 
1S37.  Liverpool...  Rt.  Hon.  Lord  Sandon 


1838. 
1839. 

1840. 

1841. 

1842. 

1843. 
1844. 

1846. 
1846. 

1847. 

1848. 
1849 


Newcastle 
Birmingham 

Glasgow  ... 

Plymouth... 

Manchester 


Cork, 
York, 


Cambridge 
Southamp- 
ton. 
Oxford 


Swansea  ... 
Birmingham 

1860.  Edinburgh 


1861. 
1862. 

1863. 
1864. 


Ipswich 
Belfast. 


Hull 

Liverpool 


1866.  Glasgow  .. 


Colonel  Sykes,  F.R.8 

Henry  Hallam,  F.B.S 


Lord  Sandon,  M.P.,  F.R.S. 

Lieut.-Col.  Sykes,  F.R.S , 

G.  W.  Wood,  M.P.,  F.L.S.  . 

Sir  C.  Lemon,  Bart.,  M.P. 
Lieut.-Col, 

F.L.S. 

Rt.Hon.  tlie  Earl  Fitzwilliam 
G.  B.  Porter,  F.R.S 

Travers  Twiss,  D.C.L.,  F.R.S. 

J.  H.  Vivian,  M.P.,  F.R.S 


W.  R.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 
W.  Cargill,  J.  Heywood,  W.  R.  Wood. 
F.  Clarke,  R.  W.  Rawson,  Dr.  W.  C. 

Tayler. 
C.  R.  Baird,  Prof.  Ramsay,  R.  W. 

Rawson. 
Rev.  Dr.  Byrth,  Rev.  R.  Luney,  R. 

W.  Rawson. 
Rev.  R.  Luney,  G.  W.  Ormerod,  Dr. 

W.  C.  Tayler. 
Dr.  D.  Bullen,  Dr.  W.  Cooke  Tayler. 
Sykes,    F.R.S.,  J.  Fletcher,  J.  Heywood,  Dr.  Lay- 
cock. 
J.  Fletcher,  Dr.  W.  Cooke  Tayler. 
J.  Fletcher,  F.  G.  P.  Nelson,  Dr.  W. 

C.  Tayler,  Rev.  T.  L.  Shapeott. 
Rev.  W.  H.  Cox,  J.  J.  Danson,  F.  G. 
P.  Neison. 

, J.  Fletcher,  Capt.  R.  Shortrede. 

Rt.  Hon.  Lord  Lyttelton Dr.  Finch,  Prof.  Hancock,  F,  P.  G. 

Neison. 
Prof.  Hancock,  J.  Fletcher,  Dr.  J. 

Stark. 
J.  Fletcher,  Prof.  Hancock. 
Prof.  Hancock,  Prof.  Ingram,  James 
MacAdam,  jun. 
James  Heywood,  M.P.,  F.R.S.  Edward  Cheshire,  W.  Newmarch. 

Thomas  Tooke,  F.R.S E.  Cheshire,  J.  T.  Danson,  Dr.  W.H. 

Duncan,  W.  Newmarch. 
R.  Monckton  Milnes,  M.P. ...  J.  A.  Campbell,  E.  Cheshire,  W.  New- 
I     march,  Prof.  R.  H.  Walsh. 

SECTION  F  (continued). — economic  science  and  STATISTICS. 


Very   Rev.    Dr.    John   Lee, 

V.P.R.S.E. 
Sir  John  P.  Boileau,  Bart.  ... 
His  Grace  the  Archbishop  of 

Dublin. 


1856.  Cheltenham 
1867.  Dublin 


Rt.  Hon.  Lord  Stanley,  M.P. 


His  Grace  the  Archbishop  of 
Dublin,  M.R.LA. 


Rev.  C.  H.  Bromby,  E.  Cheshire,  Dr. 

W.  N.  Hancock,  W.  Newmarch,  W. 

M.  Tartt. 
Prof.  Cairns,  Dr.  H*-D.  Hntton,  W. 

Newmarch.  ed  by  vjC 
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Dftte  and  Place 


Presidents 


Secretaries 


1S58.  Leeds Edward  Raines . 


1869.  Aberdeen...  Co1«  Sykes,  M.P.,  F.R.S 

1860.  Oxford Nassau  W.  Senior,  M.A 

18C1.  Manchester  William  Newmarcb,  F.R.S... 


1862.  Cambridge 

1863.  Newcastle  . 


Edwin  Chadwick,  C.B 

William  Tite,  M.P.,  F.R.S. . 


1864.  Bath W.  Farr,  M.D.,  D.C.L.,  F.R.S 

1865.  Birmingham  Rt.  Hon.  Lord  Stanley,  LL.D., 

I     M.P. 

1866.  Nottingfaam  Prof.  J.  E.  T.  Rogers 


1867.  Dundee  . 


M.  E.  Grani-Duff,  M.P. 


1868. 
1869. 


Korwich. 
Bxeter... 


1870.  Liverpool... 

1871.  Edinburgh 
1872   Brighton... 

1873.  Bradford  ... 

1874.  Belfast 


Samuel  Brown  , 

Rt.Hon.  Sir  Stafford  H.  North- 
cote,  Bart.,  O.B.,  M.P. 
Prof.  W.  Stanley  Jevons,  M.A 

Rt.  Hon.  Lord  Neaves 

Prof.  Henry  Fawcett,  M.P. ... 
Rt.  Hon.  W.  E.  Forster,  M.P. 
Lord  O'Hagan  


1876.  Bristol. 
1876.  Glasgow 


1877.  Plymouth.. 

1878.  Dublin...., 

1879.  Sheffield  . 

1880.  Swansea  . 

1881.  York 


1882. 
1883. 


Southamp- 
ton. 
Southport 


1884.  Montreal .. 

1885.  Aberdeen.. 

1886.  Birmingham 

1887.  Manchester 


James  Heywood,  M.A.,  F.R.S., 

Pros.  S.S. 
Sir  George  Campbell,  K.C.S.Ly 

M.P. 

Rt.  Hon.  the  Earl  Fortescue 
Prof,  J.  K.  Ingram,  LL.D. ... 
G.  Shaw  Lefevre,  M.P.,  Pres. 

S.S. 

G.  W.  Hastings,  M.P 

Rt.  Hon.  M.  E.  Grant-Duff, 

M.A.,  F.R.S. 
Rt.  Hon.  G.  Sclater-Booth, 

M.P.,  F.R.S. 
R.  H.  IngUs  Palgrave,  F.R.S. 

Sir  Richard  Temple,  Bart., 
G.C.S.L,  CLE.,  P.R.G.S. 

Prof-  H.  Sidgwick,  LL.D., 
Litt.D. 

J.  B.  Martin,  M.A.,  F.S.S. 

Robert  Giffen,  LL.D.,V.P.S.S. 


1888.  Bath. 


1889.  Newcastle- 

vpon-Tjue 

1890.  " 


Rt.    Hon.    Lord    Bramwell, 

LL.D.,  F.R.S. 
Prof.  F.  Y.  Bdgeworth,  M.A., 

F.S.S, 
Prof.  A.  MarshaU,  M.  A.,  F.S.S. 


T.  B.  Baincs,  Prof.  Cairns,  S.  Brown, 

Capt.  Fishboume,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strang. 
Edmund    Macrory,  W.  Newmarch, 

Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  l*rof .  R.  C.  Christie, 

B.  Macrory,  Prof.  J.  E.  T.  Rogers. 
H.  D.  Macleod,  Edmund  Macrory. 
T.   Doubleday,    Edmund    Macrory, 

Frederick  Pnrdy,  James  Potts. 
E.  Macrory,  E.  T.  Payne,  F.  Purdy. 
G.  J.  D.  Goodman,  G.  J.  Johnston, 

E.  Macrory. 
R.  Birkin,  jun.,  Prof.  Leone  Levi,  B. 

Macrory. 
Prof.  Leone  Levi,  E.  Macrory,  A.  J. 

Warden. 
Rev.  W.  C.  Davie,  Prof.  Leone  Levi. 

E.  Macrory,  F.  Purdy,  C.  T.  D. 
Acland. 

Chas.  R.  Dudley  Baxter,  E.  Macrory, 

J.  Miles  Moss. 
J.  G.  Fitch,  James  Meikle. 
J.  G.  Fitch,  Barclay  Phillips. 
J.  G.  Fitch,  Swire  Smith. 
Prof.  Donnell,  F.  P.  Fellows,  Hans 

MacMordie. 

F.  P.  Fellows,  T.  G.  P.  Hallett,  B. 
Macrory. 

A.  M'Neel  Caird,  T.  G.  P.  Hallett,  Dr. 

W.    Neilson    Hancock,    Dr.    W. 

Jack. 
W.  F.  Collier,  P.  Hallett,  J.  T.  Pim. 
W.  J.  Hancock,  C.  Molloy,  J.  T.  Pim. 
Prof.  Adamson,  R.  E.  Leader,  C. 

Molloy. 
N.  A.  Humphreys,  C.  Molloy. 
C.   Molloy,  W.  W,  Morrell,  J.   F. 

Moss. 

G.  Baden-Powell,  Prof.  H.  S.  Fox- 
well,  A.  Milnes,  0.  Molloy. 

Rev.  W.  Cunningham,  Prof.  H.  S. 
Foxwell,  J.  N.  Keynes,  C.  Molloy. 

Prof.  H.  S.  Foxwell,  J.  S.  McLennan, 
Prof.  J.  Watson. 

Rev.  W.  Cunuingham,  Prof.  H.  S. 
Foxwell,  C.  McCombie,  J.  F.  Moss. 

F.  F.  Barham,  Rev.  W.  Cunningham 
Prof.  H.  S.  Foxwell,  J.  F.  Moss. 

Rev.  W.  Cunningham,  F.  Y.  Edge- 
worth,  T.  H.  Elliott,  C.  Hughes, 
J.  B.  C.  Munro,  G.  H.  Sargant. 

Prof.  F.  Y.  Bdgeworth,  T.  H.  EUiott, 
H.  S.  Foxwell,  L.  L.  F.  R.  Price. 

Rev.  Dr.  Cunningham,  T.  H.  Elliott, 
F.  B.  Jevons,  L.  L.  F.  R.  Price. 

W.  A.  Brigg,  Rev.  Dr.  Cunningham, 
T.  H.  EUiott,  Prof.  J.  E.  C.  Munro, 
L.  L.  F.  R.  Price.  j  e 

dP 
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RSPORT — 1906. 


Date  and  Place 


Presidents 


1891.  Cardift.    ...jProf.  W.  Cnnningham,  D.D., 
1     D.Sc.,  F  S.S. 


1892.  Edinburgh     Hon.   Sir  C.  W.   Fremantle. 

I     K.C.B. 

1893.  Nottingham ;  Prof.  J.  S.  Nicholson,  D.Sc, 

F.S.S. 

1894.  Oxford Prof.   C.   F.   Bastable,   M.A., 

F.S.S. 

L.  L.  Price,  M.A 


1896.  Ipswich    .. 

1896.  Liverpool.. 

1897.  Toronto    .. 

1898.  Bristol...  . 

1899.  Dover  

1900.  Bradford.. 

1901.  Glasgow  .. 

1902.  Belfast     .. 

1903.  Southport 


Rfc.  Hon.  L.  Courtney,  M.P.... 

Prof.  E.  C.  K.  Gonner,  M.A. 
J.  Bonar,  M.A.,  LL.D. 

H.  Higgs,  LL.B 

Major  P.  G.  Craigie,  V.P-S.S. 


Secretaries 


Prof.  J.  Brongh,  B.  Oannan,  Prof. 
E.  C.  E.  Gonner,  H.  LI.  Smith, 
Prof.  W.  R.  Sorley. 
Prof.  J.  Brongh,  J.  R.  Findlay,  Prof. 
E.    C.    K.    Gonner,    H.    Higgs, 
L.  L.  F.  R.  Price. 
Prof.  E    C.   K.   Gonner,  H.  de   B. 
Gibbins,  J.  A.  H.  Green,  H.  Higgs, 
L.  L.  F.  R.  Price. 
E.  Cannan,  Prof.  E.  0.  K.  GU>niier, 

W.  A.  S.  Hewins,  H.  Higgs. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

H.  Higgs. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

W.  A.  S.  Hewins,  H.  Higgs. 
E.  Cannan,  H.  Higgs,  Prof.  A.  Shortt. 
E.  Cannan,  Prof.  A.    W.   Flux,  H. 

Higgs,  W.  E.  Tanner. 
A.  L.  Bowley,  E.  Cannan,  Prof.  A. 

W.  Flux,  Rev.  G.  Sarson. 
A.   L.  Bowley,  E.   Cannan,    8.    J. 
Chapman,  F.  Hooper. 
Sir  R.  Giflfen,  K.C.B.,  F.R  8.   ,  W.  W.  Blackie,  A.  L.  Bowley,  E. 

Cannan,  S.  J.  Chapman. 
E.  Cannan,  M.  A..  LL.D.      ...  I  A.  L.  Bowley,  Prof.  S.  J   Chapman, 
i     Dr.  A.  DuflBn 

E.  W.  Brabrook,  C.B JA.  L.  Bowley,  Prof.  S.  J.  Chapman, 

I  I     Dr.  B.  W.  Ginsburg,  G.  Lloyd. 

1904.  Cambridge    Prof.  Wm.  Smart,  LL.D !j.  E.  Bidwell,  A.  L.  Bowley,   Ptof. 

I  j     S.  J.  Chapman,  Dr.  B.  W.  Ginsburg. 

1906.  SouthAfrical  Rev.  W.  Cunningham,  D.D.,'R.  &  Ababrelton,  A.  L.  Bowley,  Flt>f. 
I     D.Sc.  H.  E.  S.  Fremantle,  H.  0.^  Mere- 

'  I     dith. 


SECTION  G.— MECHANICAL  SCIENCE. 


1836.  Bristol I  Davies Gilbert,  D.C.L.,  F.R.S. 

1837.  Liverpool...  I  Rev.  Dr.  Robinson    

1838.  Newcastle    !  Charles  Babbage,  P.R.S 

1839.  Birmingham !  Prof.  Willis,  F.R.S,,  and  Robt. 
Stephenson. 

1840.  Glasgow  ....  Sir  John  Robinson 


1841. 
1842. 


Plymouth 
Manchester 


1843.  Cork 

1844.  York 

1846.  Cambridge 

1846.  Southamp- 

ton 

1847.  Oxford 

1848.  Swansea  ... 

1849.  Birmingham 
1860.  Edinburgh 
1B61.  Ipswich    ... 
1862.  Belfast 


1868.  Hull 

1864.  Liverpool.. 
1866.  Glasgow  .. 


John  Taylor,  P.R.S 

Rev.  Prof.  Willis,  F.R.S.  

Prof.  J.  Macneill,  M.R.I.A.... 

John  Taylor,  F.R.S 

George  Rennie,  F.R.S 

Rev.  Prof.  Willis,  M.A.,  F.R.S. 

Rev.  Prof  .Walker,  M.A.,F.R.S. 
Rev.  Prof  .Walker,  M.A.,F.R.S. 
Robt.  Stephenson,  M.P.,F.R.S. 

Rev.  R.  Robinson 

William  Cubitt,P.R.8 

John    Walker,    C.E.,   LL.D., 

F.R.S. 
William  Fairbairn,  F.R.S. 
John  Soott  Russell,  F.R.S.  ... 
W.  J.  M.  Rankine,  F.R.S.    ... 


T.  G.  Bunt,  G.  T.  tJlark,  W.  West. 
Charles  Vignoles,  Thomas  Webetel*. 
R.  Hawthorn,  C.  Vignoles,  T.Webstw. 
W.  Carpmael,  William  Hawkes,  T. 

Webster. 
J.  Scott  Russell,  J.  Tliomson,  J.  Tod, 

C.  Vignoles. 
Henry  Chat  field,  Thomas  Webster. 
J.  F.  Bateman,  J.  Soott  finssell,  J. 

Thomson,  Charles  Vignoles. 
James  Thomson,  Robert  Mallet-. 
Charles  Vignoles,  Thomas  Webster. 
Rev.  W.  T.  Kingsley. 
William  Betts,  j un.,  Charles  Manby. 

J.  Glynn,  R.  A.  Le  Mesurier. 
R.  A.  Le  Mesurier,  W.  P.  8tmv6. 
Charles  Manby,  W.  P.  Marshall. 
Dr.  Lees,  David  Stephenson. 
John  Head,  Charles  Manby. 
John  F.  Bateman,  C.  B.  Hancock, 
Charles  Manby,  James  TfaooiBOfi. 
J.  Oldham,  J.  Thomson,  W.  S.  Ward. 
J.  GranthMn,  J.  Oldham,  J .  Thomson. 
L.  Hill,  W.  Ramsay,  J.  Thomson. 
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Date  and  Place 


Presidents 


Secretaries 


1866.  Cheltenham  George  Rennie,  F.B.S ,  C.  Atherton,  B.  Jones,  H.  M.  Jeffery. 

1857.  Dnhlin IHt.  Hon.  the  Earl  of  Bosse, ,  Prof .  Downing,  W.T.  Doyne,  A.  Tate, 

I     FJB.S.  James  Thomson,  Henry  Wright. 

1858.  Leeds    William  Fairbaim,  F.R.S.        -        -  ... 

1869.  Aberdeen ...  •  Rev.  Prof.  Willis,  M.A.,F.R.S. 


186a  Oxford 

1861.  Manchester 

1862.  Cambridge. 

1863.  Newcastle  . 


Prof .  W.  J.  Maoquorn  Rankine, 

LL.D.,  F.R.S. 
J.  F.  Bateman,  C.E.,  F.R.8.... 

William  Fairbaim,  F.R.S. 
Rev.  Prof. Willis,  M.A.,F.R.S. 


1864.  Bath .J.  Hawkshaw,  F.R.S. 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  ... 


J.  C.  Dennis,  J.  Dixon,  H.  Wright. 
R.  Abernethy,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  I>e  Nbve  Foster,  Rev.  F.  Harrison, 

Henry  Wright. 
P.  I^  Neve  Foster,  John  Robinson, 

H.  Wright. 
W.  M.  Fawcett,  P.  Le  Neve  Foster. 
P.  Le  Neve  Foster,  P.  Westmacott, 

J.  F.  Spencer. 
P.  lie  Neve  Foster,  Robert  Pitt. 
Sir  W.  G.  Armstrong,  LL.D.,  P.   Le    Neve    Foster,    Henry    Lea, 

F.R.S.  !     W.  P.  Marshall,  Walter  May. 

Thomas  Hawksley,  V.P.  Inst. '  P.  Le  Neve  Foster,  J.  F.  Iselin,  M. 

C.E.,  F.G.S.  i     O.  Tarbotton. 

Prof.W.J.MacquornRankine,'P.  Le  Neve  Foster,  John  P.  Smith, 

LL.D.,  F.R.S.  :     W.  W.  Urquhart. 

G.  P.  Bidder,  C.E.,  F.R.G.S.   I  P.  I^e  Neve  Foster,  J.  F.  Iselin,  C. 
I     Manby,  W.  Smith. 

C.  W.  Siemens,  F.R.S P.  I^  Neve  Foster,  H.  Bauerman. 

Chas.B.Vignoles,C.E.,F.R.S.|H.  Bauerman,  P.  LeNeve  Foster,  T. 

1     King,  J.  N.  Shoolbred. 
Prof.FleemingJenkin,F.R.S.H.  Bauerman,  A.  Leslie,  J.  P.  Smith. 

F.  J.  Bramwell,  C.E !H.  M.  Brunei,  P.  Le  Neve   Foster, 

I     J.  G.  Gamble,  J.  N.  Shoolbred. 

W.  H.  Barlow,  F.R.S ;C.Barlow,H.  Bauerman.  B.H.Carbutt, 

1  J.  C.  Hawkshaw,  J.  N.  Shoolbred. 

1874.  Belfast i  Prof.  James  Thomson,  LL.D.,' A.  T.  Atchison,  J.  N. Shoolbred,  John 

I      C.E.,  F.R.8.B.  Smyth,  jun. 

1876.  Bristol W.  Froude,  C.B.,  M.A.,  F.R.S.  W.  R.  Browne,  H.  M.  Brunei,  J.  G. 

,     Gamble,  J.  N.  Shoolbred. 

1876.  Glasgow   ...  C.  W.  Merrifield,  F.R.S IW.  Bottomley,  jun.,  W.  J.    Millar, 

•     J.  N.  Shoolbred,  J.  P.  Smith. 

1877.  Plymouth..., Edward  Woods,  C.E |A.  T.  Atchison,  Dr.  Merrifield,  J.  N. 

!  '     Shoolbred. 

1878.  Dublin Edward  Easton,  C.E lA.  T.  Atchison,  R.  G.  Symw,  H.  T. 

I     Wood. 

1879.  Sheffield  ...  i  J.  Robinson,  Pres.  Inst.  Mech. '  A.  T.  Atchison,  Emerson  Bainbridge, 

I     Eng.  I     H.T.Wood. 

1880.  Swansea  ...  J.Abernethy,  F.R.S.B A.  T.  Atchison,  H.  T.  Wood. 

1881.  York 'Sir  W.  G.  Armstrong,  C.B.,  A.   T.  Atchison,  J.  F.  Stephenson, 

'     LL.D.,  D.C.L.,  F.R.S.  .     H.T.Wood. 

John  Fowler,  C.E.,  F.G.S.   ...  A.  T.  Atchison,  F   Churton,  H.  T. 

I     Wood. 
J.  Brunlees,  Pres.In8t.C.E.        A.  T.  Atchison,  B.  Rigg,  H.  T.  Wood. 


1869.  Exeter 

1870.  Liverpool.. 

1871.  Edinburgh 

1872.  Brighton  .. 

1873.  Bradford.. 


1882.  Southamp- 

ton. 

1883.  Southport . 

1884.  Montreal ... 


1886.  Aberdeen.. 
1886.  Birmingham 


Sir  F.  J.  Bramwell,  F.R.S., 

V.P.In8t.C.E. 
B.  Baker,  M.Inst.C.E, 


A.  T.  Atchison,  W.  B.  Dawson,  J. 

Kennedy,  H.  T.  Wood. 
...  A.  T.  Atchison,  F.  G.  Ogilvie,  B. 

Bigg,  J.  N.  Slioolbred. 
C.  W.  Cooke,   J.   Kenward,  W.  B. 

Marshall,  E.  Rigg. 


Sir  J.  N.   Douglass,  M.Inst. 
i     C.E. 

1887.  Manchester  I  Prof.  Osborne  Reynolds,  M.A.,jC.  F.  Budenberg,  W.  B.  Marshall 

LL.D.,  F.R.S.  E.  Rigg. 

1888.  Bath 'W.      H.      Preece,      F.RS.,  C.  W.  Cooke,  W.  B.  Maishall,  E. 

M.Inst.C.E.  I     Rigg,  P.  K.  Stothert. 

1889.  Newcastle-  >  W.  Anderson,  M Jnflt.C.E.  ...:C.  W.  Cooke,  W.  B.  Marshall,  Hon 

npon-l^e!  I     0.  A.  Parsons,  E.  Ri^g.       OQIC 


IxX  REPORT— 1905. 


Date  and  Place 


Presidents  Secretaries 


1890.  Leeds  Capt.  A.  Noble,  C.B.,  F.R.S.JB.  K.  Clark,  0.  W,  Cooke,  W.  B. 

I     F.R.A.S.  I     Marshall,  E.  Rigg. 

1891.  Cardiff.....    T. Forster Brown, M.Inst.C.E.  C.   W.  Cooke,  Prof.  A.  C.  Elliott, 

W.  B.  Marshall,  E.  Rigg, 

1892.  Edinburgh     Prof.   W.  0.    Unwin,  F.R.S., "     ' 

M.Inst.C.E. 

1893.  Nottingham  Jeremiah  Head,  M.TnstC.E., 

!     F.C.S. 

1894.  Oxford Prof.    A.    B.    W.    Kennedy, 

1     F.R.S.,  M.Inst.C.E. 

1895.  Ipswich    ...  Prof.  L.  F.  Vcrnon-Harcourt, 

M.A.,  M.Inst.C.E. 
1B96.  Liverpool...  Sir  Douglas  Fox,  V.P.Inst.C.E. 


C.  W.  Cooke,  W.  B.  Marshall,  W.  C. 

Popplewell,  E.  Rigg. 
C.  W.  Cooke,  W.   B.  Marshall,   E. 

Rigg,  H.  Talbot. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

AV.  B.  Marshall,  Rev.  F.  J.  Smith. 
Prof.  T.  Hudson  Bcare,  C.  W.  Cooke, 

W.  B.  Marshall,  P.  G.  M.  Stoney. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

S.  Dnnkerley,  W.  B.  Marshall. 

1897.  Toronto    ...  G.  F.  Deacon,  M.Inst.C.B.       i  Prof.  T.  Hudson  Beare,  Prof.  Callen- 

I     dar,  W.  A.  Price. 

1898.  Bristol |Sir    J.   Wolfe-Barr}',  K.C.B.,' Prof.  T.  H.  Beare,  Prof.  J.  Monro, 

F.R.S.  I     H.  W.  Pearson,  W.  A.  Price. 

1899.  Dover  'Sir  W.  White,  K.C.B.,  F.R.S.  ,Prof.  T.  H.  Beare,  W.  A.  Price,  H. 

I  I     E.  Stilgoe. 

1900.  Bradford »    [Sir  Alex,  R.  Binnie,  M.Inst.  Prof.  T.  H.  Beare,  C.  F.  Chamock, 

I     C.B.  I     Prof.  S.  Dunkerley,  W.  A  Price. 

SECTION  G.— ENGINEERING. 

1901.  Glasgow  ...  R.  E.  Crompton,  M.Inst.C.E.    H.Bamford,W.E.Dalby, W.A.Price. 

1902.  Belfest     ...  'Prof.  J.  Perry,  F.B.S M.  Barr.  W.  A.  Price,  J.  Wylie. 

1903.  Southport    ! C.  Hawksley,  M.Inst.C.E.    ...  Prof.  W.  E.  Dalb}',  W.  T.  Maocall, 

'  W.  A.  Price. 

1904.  Cambridge    Hon.  C.  A.  Parsons,  F.R.S. ...  J.  B.  Peace,  W.  T.  Maccall,  W.  A. 

1  Price. 

1905.  SouthAfrica  Col.  Sir   C.  Scott- Moncrieff,  W.  T.  Maccall,  W.  B.  Marshall,  Prof. 

I     G.C.S.I.,  K.C.M.G.,  B.B.       '     H.  Payne,  E.  Williams. 

SECTION  H.— ANTHROPOLOGY. 

1884.  Montreal ...  i  K.  B.  Tylor,  D.C.L.,  F.R.S. ...  G.  W.  Bloxam,  W.  Hurst. 

1885.  Aberdeen...  I  Francis  Galton,  M.A.,  F.R.8.    G.  W.  Bloxam,  Dr.  J.  Q.  Garson,  W. 

I  I     Hurst,  Dr.  A.  Macgregor. 

1886.  Birmingham  Sir    G.    Campbell,    K.C.S.L,  G.  W.  Bloxam,  Dr.  J.  G.  Garson,  W. 

I     M.P.,  D.C.L.,  F.R.G.S.  Hurst,  Dr.  R.  Saundby. 

1887.  Manchester  Prof.  A.  H.  Sayce,  M.A G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

j  A.  M.  Paterson. 

J888.  Bath Lieut. -General      Pitt-Rivers,  G.  W.  Bloxam,  Dr.  J.  G.  Garson,  J. 

I     D.C.L.,  F.R.S.  Harris  Stone. 

1889.  Newcastle-    Prof.   Sir  W.  Turner,    M.B.,  G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

upon-Tyne|      LL.D..  F.R.S.  R.  Morison,  Dr.  R.  Howden. 

1890.  Leeds   Dr.    J.     Evans,   Treas.   R.S.,  G.  W.  Bloxam,  Dr.  C.  M.  Chadwick, 

I     F.S.A.,  F.L.8.,  F.G.S.  Dr.  J.  G.  Garson. 

1891.  Cardiff Prof.  F.  Max  MuUer,  M.A.  ...  G.  W.  Bloxam,  Prof.  R.  Howden,  H. 

I  Ling  Roth,  E.  Seward. 

1892.  Edinburgh     Prof.    A.    Macalister,     M.A.,  G.  W.  Bloxam,  Dr.  D.  Hepburn,  Prof. 

I     M.D.,  F.R.S.  I     R.  Howden,  H.  Ling  Roth. 

1893.  Nottingham  Dr.  R.  Munro,  M.A.,  F.R.S.E.  G.  W.  Bloxam,  Rev.  T.  W.  Davies, 

I  I     Prof.  R.  Howden,  F.  B.  Jevons, 

I  I     J.  L.  Myres. 

1894.  Oxford Sir  W.  H.    Flower,    K.C.B.,iH.  Balfour,  Dr.  J.  G. Garson,  H.  Ling 

F.R.S.  Roth. 

1896.  Ipswich    ...I Prof.  W.  M.  Flinders  Petrie,  J.  L.  Myres,  Rev.  J.  J.  Raven,  H. 
I     D.C.L.  1     Ling  Roth.         ^-^  ^ 

— d  bv  (jOOQle 

'  The  title  of  Section  G  was  changed  to  Engineering.  ^ 


PRESIDE^rrS  AND   SECRETARIES   OF  THE   SECTIONS. 
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l)ate  and  Place 


1896.  Liverpool.. 
1897»  Toivnto    .. 


1898.  Brislol. 

1899.  Dover  . 


Presidents 


Secretaries 


Arthnr  J.  Evans,  F.S.A Prof.  A.  C.  Haddon,  J.  L.  Myres, 

Prof.  A.  M.  Paterson, 

Sir  W.  Turner,  F.B.S A.  F.  Chamberlain,  H.  O.  Forbes, 

Prof.  A.  C.  Haddon,  J.  L.  My  res. 

B.  W.  Brabrook,  C.B H.  Balfonr,  J.  L.  Myres,  G.  Parker. 

C.  H.  Bead,  F.S.A.  H.  Balfour,  W.  H.  East,  Prof.  A.  C. 
'     Haddon,  J.  L.  Myres. 

Prof.  John  Rhys,  M. A Rev.  E.  Armitage,  H.  Balfour,  W. 

Crooke,  J.  L.  Myres. 
Prof.     D.     J.    CunningbaiD,  W.  Crooke,  Prof.  A.  F.  Dixon,  J.  F. 

F.R.S.  Gemmill,  J.  L.  Myres. 

Dr.  A.  C.  Haddon,  F.R.S.    ...  R.    Campbell,  Prof.    A.  F.   Dixon, 

J.  L.  Myres. 
E.    N.    Fallaize,  H.  8.    Kingsford, 

E.  M.  Littler,  J.  L.  Myrrs. 
\V.  L.  H.  Duckworth,  E.  N.  Fallaize, 

11.  S.  Kingsford,  J.  L.  Myres. 
A.  R.  Brown,  A.  von  Dessauer,  B.  S. 
HartJand. 


1900.  Bradford 

1901.  Glasgow 

1902.  Belfast 

1903.  Soathport      Prof.  J.  Symington,  F.R.S 

1904.  Cambridge     H.  Balfour,  M.A 

1905.  SonthAtrica ;  Dr.  A.  C.  Haddon,  F.R.S 


SECTIOK  I.— PHYSIOLOGY  (including  Expbrimbstal 

Pathology  and  Sxpbrimkntal  Psychology). 

1894.  Oxford.,  .w  Prof.  E.  A.  Schiifcr,  F.R.S.,|Prof.  F.  Gotch,  Dr.  J.  S.  Hnldanc, 

i     M.R.C.S.  !     M.  S.  Pembrcy. 

189C.  Liverpool  ..  Dr.  W.  H.  Gaskell,  F.R.8.         Prof.  R.Boyce, Prof. C.S.Sherrington. 

Prof.  R.  Boyce,  Prof.  C.  S.  Sherring- 
ton, Dr.  L.  E.  Shore. 
Dr.  Howden,  Dr.  L.  E.  Shore,  Dr.  E. 


1897.  Toronto 
1899.   Dover   .. 

1901.  Glasgow 

1902.  Belfast 


Prof.  Michael  Foster.  F.R.8. 
J.  K.  Langley,  F.R.S. 
Prof.  J,G.  McKendrick,  F.R  S. 
D.     Haiiiburton, 


Prof.    W. 

F.R.S. 

19C4.  Cambridge    Prof.  C.  S.  Sherrington,  F.R.S. 

1905.  SoutbAfrica  Col.  D.  Bruce,  C.B..  F.R.S.  ... 


H.  Starling. 

W.  B.  Brodie,  W.  A.  Osborne,  Prof. 
W.  H.  Thompson. 

J.  Barcroft,  Dr.  W.  A.  Osborne,  Dr. 
0.  Shaw. 

J.  Barcroft,  Prof.  T.  G.  Brodie,  Dr. 
L.  K.  Shore. 

J.  r»arcroft,  Dr.  B<iuniann,  Dr.  Mac- 
kenzie, Dr.  G.  W.  Robertson,  Dr. 
Stanwell. 


SECTION  K.— BOTANY. 
1895.  l|ewich    ,„  W.  T.  Thiselton-Dyer,  F.R.S.  I  A.  C.  Seward,  Prof.  F.  E.  Weiss. 

I«06.  Liverpool...  Dr.  D.  H.  Soott,  F.R.S Prof.  Harvey  Gibson,  A.  C.  Seward, 

'     Prof.  F.  E.  Weiss. 

1897.  Townto    ...i  Prof,  Marshall  Ward,  F.R.S.     Prof.  J.  B.  Farmer,  E.   C.  Jeffrey, 

I     A.  C.  Seward,  Prof.  F.  E.  Weiss. 

1898.  Bristol  Prof.  F.  O.  Bower,  F.R.S. 

1899.  Dover  Sir  George  King,  F.R.S.  . 

1900.  Bradford  ...  Prof.  K.  H.  Vines,  F.R.S. . 

1901.  Glasgow  ...  Prof.  I.  B.  Balfour,  F.K.S 


1902.  Belfast     ,..  Prof.  J.  R.  Green,  F.R  S. 

1903.  SoQthport     A.  C.  Seward,  F.R.S.    ... 

I 
19CH.  Cambridge    Francis  Dtarwin,  F.R.S. 

I 
t 
1905.  SouthAfrioa  Harold  Wager,  F.R.S. 


A.  C.  Seward,  H.  Wager,  J.  W.  White. 
G.  Dowker,  A.  C.  Seward,  H.  Wager. 
A.  C.  Seward,  H.  Wager,  W.  West. 
D.T.  Gwynne-Vaughan.G.  F.  Scoit- 

Blliot,  A  C.  Seward.  H.  Wager. 
A.  G.  Taosley,  Rev.  C.  H.  Waddell, 
I     H.  Wager,  R.  H.  Yapp. 
H.  Ball,  A.  G.  Tan.sley,  H.  Wager, 
]     R.  H.  Yapp. 
1  Dr.  F.  F.  Blackman,  A.  G.  Tansley, 

H.  AVager,  T.   B.    Wood,   R.    H. 

Yapp. 
R.  P.  Gregory,  Dr.   Marloth,  Prof. 

Pearson,  Prof.  R.  U.  Yann.      .p 
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SECTION  L.— EDUCATIONAL  SCIENCE. 


Date  and  Place 


Presidents 


I 


Secretaries 


1901.  Glasgow  ...  Sir  John  B.  Gorst,  F.R.S.    ...    R.  A.  Gregory,  W.  M.  HeUer,  R.  Y. 

Howie,  C.  W.  KimmiDS,  Prof. 
i     H.  L.  Withers. 

iy02.  Belfast     ...  Prof.  H.  B.  Armstrong,  F.R.S. '  Prof.  R.  A.  Gregory,  W.  M.  Heller, 

I  R.  M.  Jones,  Dr.  0.  W.  EimminB, 
I     Prof.  H.  L.  Withers. 

1903.  Southport    |Sir  W.  de  W.  Abney,  K.C.B., '  Prof .  R.  A.  Gregory,  W.  M.  Heller. 

:     F.R.S.  j     Dr.  C.   W.    Kimmins,  Dr.  H.  L. 

;  Snape. 

1904.  Cambridge    Bishop  of  Hereford,  D.D.    ...  J.  H.  Flather,  Prof.  R.  A.  Gregory, 

j     W.  M.  Heller,  Dr.  C.  W.  KimminB. 

1905.  SouthAfrica  Prof.  Sir  R.  0.  Jebb,  D.C.L.,  A. D.Hall, Prof. Hele-Shaw,  Dr. C.W. 

I     M.P.  I     Kimmins,  J.  R.  Whitton. 


LIST  OF   EVENING  DISCOURSES. 


Date  and  Place 


Lecturer 


1842.  Manchester 


-|- 


1843.  Cork  . 


1844.  York . 


.1845.  Cambridge 

1846.  Southamp- 
ton. 


1847.  Oxford. 


Charles  Vignoles,  F.R.S. 

Sir  M.  I.  Brunei    

R.  I.  Murchison 

Prof.  Owen,  M.D.,  F.R.8, 
Prof.  B.  Forbes,  F.R.S.... 

Dr  Robinson 

Charles  LyeU,  F.R.S.   ... 
Dr.  Falconer,  F.R.S 

G.B.Airy,F.R.S.,A8tron.P^yal 

R.  I.  Murchison,  F.R.S 

Prof.  Owen,  M.D.,  F.R.S.    ... 

Charles  Lyell,  F.R.S 

W.  R.  Grove,  F.R.S 


Subject  of  Discourse 


Rev.  Prof.  B.  Powell,  F.R.S. 
Prof.  M.  Faraday,  F.R.8 


1848.  Swansea  ... 

1849.  Birmingham 

1860.  Edinburgh 

1861.  Jpswich    ... 


Hugh  E.  Strickland,  F.G.S.... 
'John  Percy,  M.D.,F.R.S 

W.  Carpenter,  M.D.,  F.R.S.... 

Dr.  Faraday,  F.R.S 

Rev.  Prof.  WiUis,  M.A.,F.R.S. 

Prof.   J.  H.   Bennett,    M.D., 
F.R.S.E. 

Dr.  Mantell,  F.R.S 

Prof.  R.  Owen,  M.D.,  P.R.8. 


The  Principles  and  Construction  of 

Atmospheric  Railways. 
The  Thames  Tunnel. 
The  Geology  of  Russia. 
The  Dinomis  of  New  Zealand. 
The  DistTibution  of  Animal  Life  in 

the  ^gean  Sea. 
The  Earl  of  Rosse's  Telescope. 
Geology  of  North  America. 
The  Gigantic  Tortoise  of  the  Siwalik 

Hills  in  India. 
Progress  of  Terrestrial  Magnetism. 
•  Geology  of  Russia. 
Fossil  Mammaliaof  the  British  Isles. 
Valley  and  Delta  of  the  Mississippi. 
Properties  of  the  ExplosiveSubstance 
discovered  by  Dr.  Schonbein;  also 
some  Researches  of  his  own  on  the 
Decomposition  of  Water  by  Heat. 
Shooting  Stars. 

Magnetic  and  Diamagnetic  Pheno- 
mena. 
The  Dodo  {Didus  ineptus). 
Metallurgical  Operationsof  Swansea 

and  its  Neighbourhood. 
Recent  Microscopical  Discoveries. 
!  Mr.  Gassiot*s  Battery. 
Transit  of  different  Weights  with 
I     varying  Velocities  on  Railways. 
•Passage  of  the  Blood  through  the 
I     minute  vessels  of  Animals  in  con- 
I     nection  with  Nutrition. 
Extinct  Birds  of  New  Zealand. 
Distinction    between    Plants    and 
Animals^   and  their  changes  of 


Form. 


Digitized  by 


Liar  OF  BVSNnia  disooubsju. 


Izziii 


Date  and  Flaioe 


1651.  Ipswich 
1862.  Belfaai.. 


1853.  HaU . 


1864.  Liverpool... 

1865.  Olaogow  ... 
1856.  Cheltenham 


Lecturer 


G.  B.  Airy,  F.B.S.,  Afltronomer 

Royal 
Piof.  G.  G.  Stokes,  D.C.L., 

F.BJ3. 
Colonel  Portlock,  B.E.,  F.B.S. 


Prof.J.PhiIlip8,LL.D.,F.R.S., 
F.G.8. 

Robert  Hunt,  F.B.8 

Prof.  B.  Owen,  M.D.,  F.B.S. 
Col.  B.  Sabine,  V.P.B.8 

Dr.  W.  B.  Carpenter,  F.B,S. 
Lieat.-Col.  H.  Bawlinson    ... 


Col.  Sir  H.  Bawlinson  . 


W.  B.  Grove,  F.B.S 

1867.  DnbUn Prof.  W.  Thomson,  F.R. 8.   ... 

Rev.  Dr.  Livingstone,  D.C.L. 

1868.  Leeda  Prof.  J.  PhmipB,LL.D.,F.R.8. 

.Prof.  B.  Owen,  M.D.,  F.R.S. 

1869.  Aberdeen...  |8ir  B.  L  Mnrchison,  D.C.L.... 
Bev.  Dr.  Bobinson,  F.B.S.  ... 


1860.  Oxford... 

1861.  Manchester 

1862.  Cambridge 

1863.  NewcasUe 


1864.  Batii 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dnndee 


1866.NQrwioh  ... 
1869. 


Bev.  Prof.  Walker,  F.B.S.  ... 
C^tain  Sherard  Osbom,  R.N. 
Prof.  W.  A.  Miller,  M.A.,F.B.8. 
G.6.Airy,F.B.8.,Astron.Boya] 
Prof.  TyndaU,  LL.D.,  F.B.S. 

Prof.  Odling,  F.B.8 

Prof.  Williamson,  F.R.S 


Sabject  of  Discoorse 


James  GUisher,  F.B.8. 


Prof.  Boscoe,  F.B.8 

Dr.  Livingstone,  F.B.S. 
J.  Beete  Jukes,  F.B.8... 


William  Hoggins,  F.B.S.. 

Dr.  J.  D.  Hooker,  F.B.8. . 
An^bald  Oeikie,  F.B.8.. 


Alexander  Herschel,  F.B.A.S. 
J.  Fergnsson,  F.B.8 


Dr.  W.  Odling,  F.B.S 

Prof.  J.  Phillips,  LL.D.,F.B.S. 
J.  Norman  Lockyer,  F.B.S.  .. 


Total  8olar  Bclipse  of  July  28, 
1861. 

Beoent  Discoveries  in  the  properties 
of  Light. 

Becent  Discovery  of  Bock-salt  at 
Carrickf  ergns,  and  geological  and 
practical  considerations  connected 
with  it. 

Some  peculiar  Phenomena  in  the 
Geology  and  Physical  Geography 
of  Yorkshire.  . 

The  present  state  of  Photography. 

Anthropomorphous  Apes. 

Progress  of  Besearchesin  Terrestrial 
Magnetism. 

Characters  of  Species. 

Assyrian  and  Babylonian  Antiquities 
and  Ethnology. 

Becent  Discoveries  in  Assyria  and 
Babylonia,  with  the  results  of 
Cuneiform  Besearch  up  to  the 
present  time. 

Correlation  of  Physical  Forces. 

The  Atlantic  Telegraph. 

Becent  Discoveries  in  Africa. 

The  Ironstones  of  Yorkshire. 

The  Fossil  Mammalia  of  Australia. 

Geology  of  the  Northern  Highlands. 

Electrical  Discharges  in  highly 
rarefied  Media. 

Physical  Constitution  of  the  Sun. 

Arctic  Discovery. 

I  Spectrum  Analysis. 

The  lato  Eclipse  of  the  Sun. 

The  Forms  and  Action  of  Water.     • 

Organic  Chemistry. 

The  Chemistry  of  the  Galvanic  Bat- 
tery considered  in  relation  to 
Dynamics. 

The  Balloon  Ascents  made  for  the 
British  Association. 

The  Chemical  Action  of  Light. 

Recent  Travels  in  Africa. 

Probabilities  as  to  the  position  and 
extent  of  the  Coal-measures  be- 
neath the  red  rocks  of  the  Mid- 
land Counties. 

The  results  of  Spectrum  Analysis 
applied  to  Heavenly  Bodies. 

Insular  Floras. 

The  Geological  Origin  of  the  prosent 
Scenery  of  Scotland. 

The  present  stato  of  Knowledge  re* 
garding  Meteors  and  Meteorites. 

Arcbseology  of  the  early  BuddhiBt 
Monuments. 

Beverse  Chemical  Actions. 

Vesuvius. 

The  Physical  Constitution  of  the 
Stars  and  Nebuhe.  QQ [e 
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1879. 
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1881. 
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Prof.  J.  Tyndall,  LL.D.,  F.R.S. 
Prof  .W.  J.  Macquom  Rankine, 

LL.D.,  F.R.S. 
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Prof.  P.  Martin  Duncan,  M.B., 

F.R.8. 
Pitof.  W.  K.  Clifford 


Prof.  W.  C.Williamson,  F.R.8. 
Prof.  Clerk  Maxwell,  F.R.S. 
Sir  John  Lubbock, Bart'.,M.P.) 

F»R.S. 
Prof.  Huxley,  F.R.S 

W»Spottiswoode,LL.D.,F.R.S. 

F.  J.  Bramwell,  F.R.S 

Prof.  Tait,  F.ILS.B 

Sir  Wyville  Thomson,  F.R.S. 
W.  Warington  Smyth,  M.A., 

F  R.S 
Prof.  Odling,  F.R.S 

G.  J.  Romanes,  F.L.S 

Prof.  Dewar,  F.B.S 


Southamp- 
ton. 
Southport 


W.  Crookes,  F.R.S 

Prof.  B.  Ray  Lankester,  F.R.S. 
Prof.  W.Boyd  Dawkins,  F.R.S. 

Francis  Galton,  F.R.S 

I  Prof.  Huxley,  Sec.  R.S 

W.  Spottiswoode,  Pros.  R.S..»» 

Prof .  Sir  Wm.  Thomson.  F.R.S. 
Prof.  H.  N.  Moseley.  F.R»8. 
'Prof.  R.  S.  BaU,  F.R.8 
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1884.  Montreal. 


1885.  Aberdeen... 


1886. 
1887. 
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Birmingham 
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Bath 


Prof.  J.  G.  McKendrick 

Prof.  O.  J.  Lodge,  D.Sc 

Rev.  W.  H.  Dallinger,  F.R.S. 


Prof.  W.  Q.  Adams,  F.R.S. ... 


J^ewcastle- 
upon-Tyne 


John  Murray,  F.R.S.B 

A.  W.  RQcker,  M.A.,  F.R.6. 
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Prof.  H.  B.  Dixon,  F.R.S,  ... 
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Prof.  W.  B.  Ayrton,  F.R.S. ... 
Prof.  T.  G.    Bonney,  D.Sc., 

F.R.8. 
Prof.  W.  C.  Roberts-Austen, 

F.R.S. 
Walter  Gardiner,  M.A 


1890i  Leeds  «. 


.  E.  B.  Poulton,  M.A.,  F.RS... 
I  Prof.  0.  Vernon  poys,  F.R.S. 


The  ScientificUseof  the  Imagination. 

Stream-lines  and  Waves,  in  conneC* 
tion  with  Naval  Architecture. 

Some  Recent  Investigations  and  Ap- 
plications of  Bxplosive  Agent«. 

The  Relation  of  Primitive  to  Modem 
Civilisation. 

Insect  Metamorphosis. 

The  Aims  and  Instruments  of  Scien- 

tiac  Thought 
Coaland  Coal  Plants. 
Molecules. 
Common  Wild  Flowers  considered 

in  relation  to  Insects. 
The  Hypothesis  that  Animals  are 

Automata,  and  its  History. 
The  Colours  of  Polarised  Light. 
Railway  Safety  Appliances. 
Force. 

The  *  Challenger  *  Bxpedition. 
Physical  Phenomena  connected  with 

the  Mines  of  Cornwall  and  Devon. 
The  New  Blement,  Gallium. 
Animal  Intelligence. 
Dissociation,  or   Modem  Ideas  of 

Chemical  Action. 
Radiant  Matter. 
Degeneration. 
Primeval  Man. 
Mental  Imagery. 
The  Rise  and  Progress  of  Palieon^ 

tology. 
The  Blectric  Discharge,  its  Forms 

and  its  Functions. 
Tides. 

Pelagic  Life. 
Recent  Researches  on  the  Distance 

of  the  Sun. 
Galvanic  and  Animal  Electricity. 
Dust. 

The  Modem  Microscope  in  Re- 
searches on  the  Least  and  Lowest 

Forms  of  Life. 
The  Blectric  Light  and  Atmospheric 

Absorption. 
The  Great  Ocean  Basins. 
Soap  Bubbles. 
The  Sense  of  Hearing. 
The  Bate  of  Explosions  in  Gases. 
Explorations  in  Central  Africa. 
The  Electrical  Transmission  of  Power. 
The  Foundation  Stones  of  the  Earth's 

Crust. 
The  Hardening  and  Tempering  of 

Steel. 
How  Plants  maintain  themselves  in 

the  Struggle  for  Existence. 
Mimicry. 
Quartz  Fibres  and  their  Applioations* 
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Lecturer 
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1894.  Oxford 
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Africa: 
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Kimberley 

Bulawayo 


Prof.  L.  C.  Miall,  F.L.S.,  F.G.S. 

Prof.   A.    W.   Rucker,    M.A.. 
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F.  Darwin,  F.R.S 

Prof.  J.  J.  Thomson,  F.R.S.... 
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Dr.  R.  Munro    
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Prof,  J.  B.  Porter.     ... 

D.  Randall-Maclver ... 


Subject  of  Discourse 


Some    Difficulties  in  the    Life  of 

Aquatic  Insects. 
Electrical  Stress. 

Pedigrees. 

I  Magnetic  Induction. 

Flame. 

The  Discovery  of  the  Physiology  of 
the  Nervous  System. 

Experiences  and  Prospects  of 
African  Exploration. 

Historical  Progress  and  Ideal  So- 
cialism. 

Magnetism  in  Rotation. 

The  Work  of  Pasteur  and  its  various 
Developments. 

Safety  in  Ships. 

Man  before  Writing. 

Canada's  Metals. 

Earthquakes  and  Volcanoes. 

Funafuti :  the  Study  of  a  Coral  Island. 

Phosphorescence . 

La  vibration  nerveuse. 

TbeCentenary  of  the  ElectricCurrent. 

Animal  Electricity. 

Range  Finders. 

The    Inert    Constituents    of    the 

Atmosphere. 
The  Movements  of  Plants. 
Becquerel  Rays  and  Radio-activity. 
Inheritance. 
Man  as  Artist  and  Sportsman  in  the 

Palaoolithic  Period. 
The  Old  Chalk  Sea,  and  some  of  its 

Teachings. 
Ripple- Marks  and  Sand-Dunes. 
Palaiontological  Discoveries  in  the 

Rocky  Mountains. 


W.  J.  Burchell's  Discoveries  in  South 

Africa. 
Some  Surface  Actions  of  Fluids. 
I  The  Mountains  of  the  Old  World. 
Marine  Biology. 
'  Sleeping  Sickness. 
I  The  Cruise  of  the  *  Discovery.* 
■  The  Distribution  of  Power. 
Steel  as  an  Igneous  Rock. 
Flyborne  Diseases :  Malaria,  Sleep- 
I     ing  Sickness,  &c. 
The  Milky  Way  and  the  Clouds  of 

Magellan. 
Diamonds. 

The  Beeuring  of  Engineering  on  Min- 
i     ing. 
iThe  Ruins  of  Rhodesia. 
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OFFIOEBS   OF  SECTIONAL  COMMITTEES   PRESENT  AT 
THE  SOUTH  AFRICA  MEETING. 

SECTION  A. — MAl^BMATICAL  AND  PHTSIOAL  SCIENCE. 

President.— Trot  A.  R.  Forsyth,  F.R.S. 

riee'PresiderUt.—Fi^t  W.  E.  Ayrton,  F.R.S. ;  Dr.  O.  Backlund  ;  Prof. 

J.  C.  Beattie ;  Prof.  Brey6r  ;  Sir  David  Gill,  K.C.B.,  F.R.S.  ;  Prof. 

W.  M.  Hicks,  F.R.S.  ;  Prof.  J.  C.  Kapteyn. 
Secretaries.— Q.  H.  Lees,  D.Sc.  {Recorder) ;  A.  R.  Hinks,  M. A. ;  S.  S.  Hough, 

F.R.S. ;  R.  T.  A.  Innes ;  J.  H.  Jeans. 

SECTION  B. — CHEMISTRY. 

PretuJm/.— George  T.  Beilby. 

Yice-PTe8idenU,—YTot  H.  B.  Dixon,  F.R.S. ;  Prof.  P.  D.  Hahn,  Ph.D. ; 

J.  R.  Williams  ;  Prof.  Sydney  Young,  F.R.S. 
Secretaries.— Yrot  G.  G.  Henderson,  D.Sc.  (Eeearder)  ;  W.  A.  Caldecott 

B.A. ;  Chas.  F.  Juritz,  M.A. ;  M.  O.  Forster,  Ph.D.,  F.R.S. 

SECTION  C. — GEOLOGY. 

Presidefa.—Prot.  H.  A.  Miew,  M.A.,  D.Sc.,  F.R.S. 

Vice-Presidents.— G.  S.  Corstorphine,  Pb.D. ;  G.  W.  Lamplugb,  F.R.S. ; 

A.  W.  Rogers,  M.A. 
Secretaries. — H.  h.  Bownaan,  M.A.  {Recorder)  ;  J.  Lomas  ;  Dr.  Molen- 

graaff ;  Prof.  A.  Young,  B.Sc. ;  Prof.  R.  B.  Young,  B.Sc. 

SECTION  D. — ZOOLOGY. 

President.— G.  A.  Bouletiger,  F.R.S. 

VicePresidenU.—Dr.  Gunning;  P.  L,  Sclater,  Ph.D.,  F.R.S. ;  Wm.  Lutley 

ScUter,  M.A. ;  A.  E.  Shipley,  M.A.,  F.R.S. 
Secretaries. — Prof.  J.  Y.  Simpson,  D.Sc.  {Recorder) ;  Dr.  Pakes  ;  Dr.  Pur- 

oeU  ;  H.  W.  Marett  Tims,  M.D. 

SECTION  E. — GEOGRAPHY. 

/Vencfon/.— Admiral  Sir  W.  J.  L.  Wharton,  R.N.,  K.C.B.,  F.R.S. 
Vice-Presidents.— Vroi.  H.  Cordier;   Prof.  W.  M.  Davis;   Douglas  W. 

Frcahfield ;   E.  H.  V.  Melville ;  H.  R.  Mill,  D.Sc,  LL.D. ;  Prof. 

A.  Penck  ;  H.  C.  Schunke-Hollway. 
Secretaries. — ^A.  J.  Herbertson,  Ph.D.  {Recorder)  ;  A.  H.  Comish-Bowden  ; 

F.  Flowers ;  H.  Yule  Oldham,  M.A.  r^  T 
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SECTION   F. — liCONOMIC  SCIENCE  AND  STATISTICS. 

PresidefU.^B,ev,  W.  Cunningham,  D.D.,  D.Sc,  F.B.A. 
rice-Pre8ident8.^S,  Evans  j  Hon.  Sir  C.  Fremantle,  K.C.B.  ;  Hon.  J.  X. 

Merriman. 
Secretaries, — A.  L.  Bowley  {Recorder) ;  Robert  ii  Ababrelton ;  Prof.  H.  E.  S. 

Fremantle,  M-A. ;  H,  O.  Meredith. 

SECTION   G. — BNGINEERINQ. 

Prendent.— Colonel  Sir  C.  Scott-Moncrieff,  G.C.S.I.,  K.C.M.G.,  R.E. 
Vice-Presidents, — Prof.  T.  Hudson  Beare  ;  D.  H.  Hi^mmerslej-Heenan ; 

S.  Jennings ;  A.  Siemens. 
Secretaries,— W,  Bayley  Marshall  {Recorder)  ;  W.  T.  Maecall ;  Prof.  Henry 

Payne  ;  E.  Williams. 

SECTION   H.— ANTHROPOLOGY. 

President,— A.  C.  Haddon,  M.A.,  Sc.D.,  F.R.S. 

Vice-Presidents. — H.  Balfour,  M.A.  ;  Prof.  Dr.  von  Luschan  ;  L.  P^rin- 

guey,  F.G.S.  ;  Dr.  Schonland,  Ph.D. 
Secretaries, — E,   Sidney  Hartland   {Recorder) ;   A.    R.   Brown ;   A.  von 

Pessauer. 

SECTION   I. — PHYSIOLOGY. 

PresidenL-Colonel  D.  Bruce,  C.B.,  F.R.S. 

Vice- Presidents, ^Sir  Kendal  Franks,  C.B.  ;  Prof.  Sims  Woodhead  ;  Dr. 

C.  F.  K.  Murray. 
Secretaries.— J.  Barcroft  (Recorder)  ;  Dr.  Baumann  ;  Dr.  Mackenzie  ;  Dr. 

G.  W.  Robertson  ;  Dr.  Stanwell. 

SECTION   K.— BOTANY. 

PresiderU,—Ktirold  Wager,  F.R.S.,  H.M.I. 

Vice-Presidenls,—liAvry  Bolus,  D.Sc.  ;  J.  Burtt-Davy,  F.R.G.S. ;  A.  C. 

Seward,  F.R.S. 
Secretaries, — Prof,  R.  H.  Yapp,  M.A.  (Recorder) ;  R.  P.  Gregory,  M.A.  ; 

Dr.  Marloth  ;  Prof.  Pearson,  M.A. 

SECTION   L.— EDUCATIONAL  SCIENCE. 

PresidenL^Trot  Sir  Richard  C.  Jebb,  O.M.,  Litt.D.,  D.C.L.,  M.P. 
Vice-Presidents.— B,  B.  Sargant,  M.A.  ;  A.  Traill,  M.D.,  LL.D. 
Secretaries,— C.  W.  Kimmins,  M.A.,  D.Sc.  (Recorder)  ;  A.  D.  Hall,  M.A. ; 
Pr6f.  Hele-Shaw,  LL.D.,  F.R.S.  ;  J.  R  Whitton. 
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former  years ;  the  Trustees ;  the  General  Tr^tsnrer ;  the  General 
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Dr.  Horace  Brown ;  Prof.  Henderson  ;  Prof.  Miers  •  Prof.  Sollajs 
H.  L.  Bowman;  G.  A,  Boulenger;  Prof.  Poulton;»Prof.  Simpson 
Admiral  Sir  W.  J.  L.  Wharton  ;  Dr.  H.  R.  Mill ;  Dr.  Herbertson 
Rev.  Dr.  Cunningham  ;  Hon.  Sir  C.   Fremantle,  A.   L.   Bowley 
Col.  Sir  C.  Scott-Moncrieff ;  Sir  W.  H.  Preece  ;  W.  Bayley  Marshall 
Dr.  A.  C.  Haddon  ;  H.  Balfour ;  E.  S.  Hartland ;  Colonel  D.  Bruce 
Prof.  Halliburton  ;  J.  Barcroft ;  H.  Wager ;  A.  C.  Seward  ;  Prof. 
Yapp ;  Sir  R.  O.  Jebb  ;  Rev.  J.  O.  Bevan  ;  and  Dr.  Kimmins. 
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Dr.  THE  GENERAL  TREASURER'S  ACCOUNT, 
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New  Annual  Members*  Subscriptions 632    0  0 

Annual  Subscriptions 720    0  0 

Sale  of  Associates*  Tickets 1318    0  0 

Sale  of  Ladies*  Tickets  317    0  0 

Sale  of  Publications    ^. , 267  12  0 

Dividend  on  GoDsols  164    8  4 

Dividend  on  India  3  per  Cento 102  12  0 

Interest  on  Deposit 40    8  7 

Balance  of  Grants  returned 19  14  2 


/ 
/ 
/ 
/ 


/ 


^£5592  15  11 
Intettmenin, 


£       «.  d. 

2^  per  Cent.  Consolidated  Stock    6501  10  6 

India  3  per  Cent.  Stock    3600    0  0 

£10,101  10  6 
Sir  Frederick  Bramwell's  Gift,  2J  per  Cent. 

Self -cumulating  Consolidated  Stock 60    0  8 

£10,161  11  1 
John  Pbrbt,  QefMral  TreeutvreT. 


Digitized  by 


Google 


GENERAL  tR£ASt7R£R'S  ACX^OUNT.  Ixxxi 

from  Jaly  1,  1904,  to  Jane  30, 1905.  Or. 

1904-1905.  PA^TMENTS. 

Expenses  of  Cambridge  Meeting  (including  Printing,  Adver' 
tising,  Payment  of  Clerks,  &c.) 230    7     6 

Bent  and  Office  Expenses  (including  repairs,  renovating  and 
furnishing  additional  room,  installation  of  telephone,  &a)     136  19  11 

Salarie8,&c 565    8  10 

Printing,  Binding,  &c.  (£999  2«.  94.  on  account  of  1904)    ...  1940  17    1 

Bepair  of  Banners  3  11  11 

Payment  of  Grants  made  at  Cambridge : 

A  ».  d. 

Electrical  standards 40  0  0 

Sdsmological  Otwenrations 40  U  0 

IiiTestigationoftheUpper  Atmosphere  by  meang  of  Kites  40  0  0 

Magnetic  Observatious  at  Falmouth    .« 50  0  0 

Ware-length  Tables  of  Spectra COO 

Study  of  Hydro-aromatlo  Substances 25  0  0 

Dynamic  Iflomerism 20  0  0 

Aromatic  Nitramines  25  0  0 

Fauna  and  Flora  of  the  British  Trias 10  0  0 

Tbble  at  the  Zoological  Station,  Naples 100  0  O 

Index  Genemm  et  Speciemm  Auimalium 75  0  (r 

Development  in  the  Frog    10  0  (r 

InTestigaUons  in  the  Indian  Ocean 150  0  0 

Trade  Statistics 4  4  8 

Beeearches  in  Crete  75  0  0 

Anthropometric  Investigations  on  Egyptian  Troops  ....  10  0  0 

Szcavations  on  Boman  Sites  in  Britain 10  0  0 

Anthropometric  Investigations 10  0  0 

Age  of  Stone  Circles 30  0  0 

The  State  of  Solution  of  Protdds 20  0  0 

Metabolism  of  Individual  Tissues 30  0  0 

Ductless  Glands 40  0  0 

Botanical  Photographs    3  17  6 

Physiology  of  Heredity    86  0  o 

Stmctore  of  Fossil  Planta 60  0  0 

Gorrespondlng  Societies  Committee 20  0  0 

928     2     2 

3805     7  10 
On  deposit  at  Bradford  District  Bank 918     I  11 

Balance    at    Bank    of    England    (Western 

Branch)   £1734    9     1 

Z«M  Cheques  not  presented 867  14  10 

866  14     3 

Cash  in  hand 2  11  11 

£5592  16  11 


I  have  examined  the  above  Account  with  the  books  and  vouchers  of  the  Associa- 
tion, and  certify  the  same  to  be  correct.  I  have  also  verified  the  balance  at  the 
Banked,  and  have  ascertained  that  the  Investments  are  registered  in  the  names 
nt  the  Trustees. 

Approved —  W.  B.  Ekrn,  Chartered  Acconntant, 

Edward  Brabbook,  1  j^^^if^^  3  Church  Court,  Old  Jewrjr,  E.G. 


1905. 
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ftEPOBt— 1&05. 

Table  showing  the  AUendtmce  and  Meceipie 


Date  of  Meeting 


Where  held 


Preeldents 


York  

Oxford  .... 
CaDibridge 
Edinburgh 
Dublin  .... 
Bristol   .... 

Liverpool  

Ncwcastle-on-Tyne. . .  i 

Birmingham    ' 

Glasgow 

Flymoath I 

Manchester  

Cork  

York  I 

Cambridge    I 

Southampton  ' 

Oxford   I 

Swansea 


Birmingham    

Etlinburgh    

Ipswich 

Itelfast 

Hull    

Liverpool  

(tlASgOW 

Chelteaham 

DubUu  

Leeds 

Aberdeen  

Oxford  

Manchester 

Cambridge     

Ncwcastle-on-Tync. , . 

Bath  

Birmingham 

Nottingham 

Dundee 

Norwich    

Exeter    

Liverpool  

Edinburgh    

Brighton  

Bradford   

Belfast  

Bristol  

(ilasgow    

Plymouth 

Dublin   

Sheffield 

Swansea 

York  

Southampton  

Southport 

Montreal   

At)enlceu  

Birmingham    

Manchester  

Bath  

Newcastlc-on-Tyne. , . 

l.«ods 

Oftrtiff   

Edinburgh    

Nottingham 

Oxford   

Ipswich 

Liverpool 

Toronto 

Bristol    

Dover 

Bradford   

GUsgow 

Belfast  

Southport 

Cambridge 

South  Africa   


The  Eari  FitsWilUam,  D.C.L.  F.R.8. 

The  Rev.  W.  Buckhuid,  VJLB 

The  Rev.  A..  Sedgwick,  F.R.8 

Sir  T.  M.  Brisbane,  D.C.L.,  P.R.8. 
The  Rev.  Provost  Lloyd,LL.D.,  F.R.a. 
The  Marquis  of  Lansdowne,  F.R.S.... 

The  Earl  of  Barliugton,  F.ILS. 

The  Duke  of  Northumberland,  F.R8. 
Tlie  Rev.  W.  V enum  Haroonrt,  V.KS. 
Tlie  Marquis  of  Breadalbane,  F.ltS. 

The  Rer.  W.  WhewelL,  F.R.S.       

The  Lord  Francis  Egerton,  F.G.6.  ... 

The  Earl  of  Rosse,  FJI.S 

The  Rev.  G.  Peacock,  D.D.,  FJLS. 
Sir  John  F.  W.  Herschcl,  Bart.,  P.R.S. 
Sir  Roderick  I.Murchlson,Bart.,F.R.S. 
Sir  Robert  H.  Inglia,  Bart..  P.R.S. 
TheMarquis  ofNorthampton,Prp8.R.8. 
The  Rev.  T.  R.  Robinson,  D.D.  F.R.S. 
Sir  David  Brewster,  K.H.,  F.R.8.  .. 
CJ.  B.  Airj',  Astronomer  Royal,  F.R.S. 

Lieut.-General  Sabine,  F.RlS 

William  Hopkins,  F.R.S 

The  Earl  of  Harrowby,  F.R.S 

Tlie  Duke  of  Argyll,  F.R.S.    

Prof.  r.  G.  B.  Daubcny,  M.D.,  F.R.a 

The  Rev.  H.  Llovd,  D.D.,  F.RS 

Richanl  Owen,  M.D.,  D.C.L.,  F.RA 

H.R.H.  The  Prince  ( "onsort    

The  Lord  Wrottealey,  M.A.,  F.RS. 
William  Pairbalm,  LL.D.,  F.R.S.   . 
The  Rov.  Professor  WIllis,M.A.,F.R.S. 
Sir  William  G.  Armstrong.C.B.,  F.R.S. 
Sir  Charles  LycU,  Bart.,  M.A.,  P.R.8. 
Prof.  J.  PhUlips,  M.A.,  LL.D.,  F.R.8. 

William  R,  Grove,  Q.C.,  P.R.S 

The  Duke  of  Buooleuch,  K.C.B.,F.R.S. 

Dr.  Joseph  D.  Hooker.  F.R.S 

Prof.  G.  G.  Stokes,  D.C.L.,  F  RS. 

Prof.  T.  H.  Huxley,  LL.D.,  F.RS.  ... 
Prof.  Sir  W.  Thomson,  LL.D.,  F.RS. 

Dr.  W.  B.  Carpenter,  F.R.S 

Prof.  A.  W.  Williamson,  F.RS 

Prof.  J.  Tyudall,  LL.D.,F.RS 

Sir  John  Hawkshaw,  FJli? ' 

Prof.  T.  Andrews,  M.D.,  F.RS 

Prof.  A.  Thomson,  M  .D..  F.RS 

W.  Spotti8WO«)de,  M.A.,  F.RS 

Prof.  G.  J.  Allman,  M.D.,  FJLS.  

A.  C.  Ramsay,  LL.D.,  F.RS 

Sir  John  Lubbock,  Bart.,  FJl.a  

Dr.  C.  W.  Siemens  F.RS 

Prof.  A.  Cavley,  D.(\L.,  F.RJ8 

Prof.  Lord  kayleigh,  F.RS 

SirLvon  Playfair.  K.0.B.,F.RJ8 

Sir  J.  W.  Dawson,  C.M.G.,  F.RS 

Sir  H.  B.  RoHCoe,  D.C\L.,  F.RS 

Sir  F.  J.  Bramwcll,  F.RS 

Prof.  W.  H.  Flower,  (?.B.,  F.R.S 

Sir  F.  A.  Alx^l,  r.B.,  F.R.S 

Dr.  W.  Hugglns,  FJLS 

Sir  A.  (Seikie,  LL.D.,  F.RS 

Prof.  J.  S.  Burden  Siinderson,  F.RS. 
The  Marquis  of  SaliRbury,K.G.,F.RS. 
Sir  Douglas  (Jalton,  K.C.B..  FJLS.  .. 
Sir  Joseph  Lister.  Biirt.,  Pros.  RS.  .. 

Sir  John  Evans,  K.C.R,  F.RS. 

Sir  W.  Orookcs,  F.RS 

Sir  Michael  Foster,  K.C.B.,  SecRS.... 
Sir  WUliam  Turner,  D.O.Lm  F.Ra  .. 
Prof.  A.  W.  RUcker.  D.Sc.,  SecJl.S. .. 

Prof.  J.  Dewar,  LL.D.,  F.RS 

Sir  Norman  Lockyer,  K.C.B.,  F.Ra 
Rt.  Hon.  A.  J.  Balfour,  M.P.,  FJLS.  I 
Prot  G.  H.  Darwin,  LL.D.,  FJLS.  ...i 


1831,  Sept.  S7 

1832,  June  19 

1833,  Jnne  25 
18^,  Sept.  8 
I8H6,  Aug.  10 
836,  Aug.  22 
IK37,Sept.  II 

1838,  Aug.  10 

1839,  Aug.  26 1 

1840,  Sept.  17 1 

841,  July  20 

843,  June  23 

843,  Aug.  17 ' 

:844,Sep't.28 

1845,  June  19 ' 

846,  Sept.  10     ... 

847,  June  23 

848,  Aug.  9    

849,  Sept.  12 

860,  July  21  

1861,  July  2 i 

1862,  Sept.  1   

1863,  Sept.  3   

;«64,  Sept.  20 ' 

866,  Sept.  12 

856,  Aug.  6    1 

1887,  Aug.  26 1 

868,  Sept.  22 

869,  Sept.  14 
860,  June  27 
1861,  Sept.  4 
.862,  Oct.    1 

1863,  Aug.  26 

1864,  Sept.  13 1 

866,  Sept.  6    ' 

866,  Aug.  22 1 

1867,  Sept.  4    ' 

1888,  Aug.  19 1 

1869,  Aug.  18 1 

1870,  Sept.  14 

1871,  Aug.  2    1 

1872,  Aug.  14 i 

873,SeiTt.l7 

1874,  Aug.  19 1 

L876,  Aug.  26 

1876,  Sept.  6    

[877,  Aug.  15 ! 

1878,  Aug.  14 

1879,  Aug.  20 1 

1880,  Aug.  26 

1881,  Aug.  31 1 

1882,  Aug.  23 1 

1883,  Sept.  19 | 

1884,  Aug.  27 

1886,  Sept.  9  ' 

1886,  Sept.  1 

1887,  Aug.  31 

1888,  Sept.  5 
889,  Sept.  11 
.890,  Sept.  3 
[891,  Aug.  19 ' 

1892,  Aug.  3    1 

1893,  Sept.  13 ' 

1894,  Aug.  8    ; 

895,  Sept.  II 

896,  Sept.  16 | 

1897,  Aug.  18 , 

898,  Sept.  7    1 

1899,  Sept.  13 ' 

1900,  Sept.  6   

901,  Sept.  11 1 

1902,  Sept.  10 ' 

1903,  Sept.  9    

1904,  Aug,  17 , 

1906,  Aug.  16 1 

•  LmUcs  werenota^tted by  parohMed UoketauntU  1848.     f  Tiokett of  Admiadon to SMfeloni only. 


Old  Life 

New  Life 

Members 

Members 

•"" 

- 

— 

— 

— 

- 

lei 

66 

ao3 

169 

109 

38 

226 

160 

SIS 

36 

241 

10 

314 

18 

149 

8 

227 

13 

336 

9 

172 

8 

164 

10 

141 

13 

238 

23 

194 

33 

182 

14 

236 

15 

223 

43 

184 

27 

286 

31 

321 

113 

239 

15 

303 

86 

287 

40 

293 

44 

307 

31 

167 

35 

196 

18 

304 

3! 

314 

89 

346 

38 

346 

30 

313 

37 

163 

13 

339 

9f 

321 

35 

173 

19 

201 

18 

184 

16 

144 

11 

272 

38 

178 

17 

203 

60 

236 

30 

336 

18 

814 

26 

428 

86 

266 

36 

277 

20 

269 

31 

189 

34 

280 

14 

201 

17 

327 

31 

214 

18 

330 

81 

120 

8 

281 

It 

396 

30 

367 

18 

310 

87 

348 

31 

350 

31 

419 

83 

115 

40 

ATtENDAKCE  AND  RBOBlPtS  At  AltNUAL  MEETlifOS. 
ol  Annual  Meetings  of  the  AaeocicUion. 


lyyTJij 


Old 
Members 


46 
U 

n 

4t 

94 
M 

197 

94 

98 
198 

61 

63 

66 
191 
149 
104 
166 

in 

196 
177 
184 
160 
154 
189 
916 
918 
198 
996 
999 
803 
811 
980 
987 
939 
807 
831 
988 
990 
989 
171 
318 
968 
380 
817 
339 
498 
610 
899 
419 
868 
341 
418 
898 
486 
990 
888 
986 
897 
894 
997 
874 
814 
819 
449 
987T 


New 
Annual 
Members 


817 
376 
186 
190 
99 
89 
40 
96 
88 
49 
47 
60 
67 
191 
101 
48 
190 
91 
179 
69 
196 
67 
909 
103 
149 
106 
118 
117 
107 
196 
197 
80 
99 
86 
93 
186 
68 
93 
74 
41 
176 
79 
328 
919 
122 
179 
244 
100 
118 
99 
169 
141 
67 
69 
31 
189 
126 
96 
68 
46 
181 
86 
90 
118 
411 


Ano- 
cUtes 

I^Mlies 

Foreigners 



_- 



^ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

~ 

IIOO* 

__ 

^ 

84 

__ 



40 

,  . 

60» 

83t 

831* 

38 

160 

— 

~n 

990 

— 

407 

179 

85 

970 

196 

36 

496 

90S 

53 

876 

197 

15 

447 

287 

29 

610 

978 

44 

244 

141 

87 

610 

999 

9 

367 

286 

6 

766 

624 

10 

1094 

648 

96 

419 

846 

9 

900 

568 

26 

710 

509 

13 

1206 

821 

29 

636 

463 

47 

1889 

791 

15 

483 

242 

25 

1704 

1004 

26 

1119 

1068 

18 

766 

508 

93 

960 

771 

11 

1168 

771 

7 

790 

689 

45: 

678 

600 

17 

1103 

910 

14 

976 

754 

21 

987 

919 

48 

796 

601 

11 

817 

639 

19 

884 

679 

17 

1966 

719 

26 

446 

283 

11 

1986 

674 

17 

629 

849 

13 

389 

147 

13 

1230 

514 

24 

616 

189 

21 

962 

841 

5 

826 

74 

26&60H.9 

1053 

447 

6 

1067 

429 

11 

1986 

493 

92 

639 

509 

12 

1024 

579 

21 

680 

834 

13 

679 

107 

35 

733 

439 

50 

773 

268 

17 

941 

451 

77 

498 

261 

29 

1384 

873 

41 

689 

100 

41 

1061 

639 

33 

648 

120 

27 

801 

489 

9 

794 

246 

90 

647 

805 

6 

688 

866 

21 

1388 

817 

121 

430 

181 

16 

Total 


900 
1298 

1360 
1840 
2400 
1438 
1383 
891 
1316 


1079 

857 
1820 

819 
1071 
1241 

710 
1108 

876 
1809 
2133 
1115 
2022 
1698 
8564 
1689 
3138 
1161 
3336 
2803 
1997 
2308 
2444 
2004 
1856 
2878 
2468 
2533 
1983 
1961 
2248 
2774 
1229 
2578 
1404 

915 
2557 
1253 
2714 
1777 
2203 
2453 
3838 
1984 
2437 
1775 
1497 
2070 
1661 
2321 
1324 
8181 
1362 
2446 
1403 
1915 
1912 
1620 
1754 
8789 
2130 


Amount 
receiTed 
during  the 
Meeting 

Grants 

forSoIeotiflo 

Purposes 

Tedr 

_ 

1831 

_ 

__ 

1881 

_ 

__ 

1838 

_ 

£20  0  0 

1834 

_ 

167  0  0 

1835 

« 

486  0  0 

1886 

_ 

999  19  6 

1887 

_ 

989  9  9 

1888 

« 

1696  11  0 

1839 

_ 

1646  16  4 

1840 

__ 

1336  10  11 

1841 

« 

1449  17  8 

1849 

_ 

1965  10  9 

1848 

_ 

981  19  8 

1844 

_ 

881  9  9 

1846 

_ 

686  16  0 

1846 

_ 

908  6  4 

1847 

£707 

0  0 

976  1  8 

1848 

968 

0  0 

159  19  6 

1849 

1085 

0  0 

345  18  0 

1850 

620 

0  0 

391  9  7 

1851 

1086 

0  0 

804  6  7 

1859 

903 

0  0 

206  0  0 

1858 

1882 

0  0 

380  19  7 

1854 

2811 

0  0 

480  16  4 

1856 

1098 

0  0 

734  13  9 

1856 

2015 

0  0 

507  15  4 

1857 

1931 

0  0 

618  18  9 

1858 

2782 

0  0 

684  11  1 

1859 

1604 

0  0 

766  19  6 

1860 

3944 

0  0 

nil  5  10 

1861 

1089 

0  0 

1293  16  6 

1869 

3640 

0  0 

1608  8  10 

1863 

2965 

0  0 

1289  16  8 

1864 

2227 

0  0 

1591  7  10 

1865 

2469 

0  0 

1750  18  4 

1866 

2613 

0  0 

1739  4  0 

1867 

2042 

0  0 

1940  0  0 

1868 

1931 

0  0 

1622  0  0 

1869 

3096 

0  0 

1572  0  0 

1870 

2575 

0  0 

1479  9  6 

1871 

2649 

0  0 

1285  0  0 

1879 

2120 

0  0 

1685  0  0 

1878 

1979 

0  0 

1151  16  0 

1874 

9397 

0  0 

960  0  0 

1876 

3023 

0  0 

1092  4  2 

1876 

1268 

0  0 

1128  9  7 

1877 

2615 

0  0 

725  16  6 

1878 

1425 

0  0 

1080  11  11 

1879 

889 

0  0 

731  7  7 

1880 

2689 

0  0" 

476  8  1 

1881 

1286 

0  0 

1126  1  11 

1889 

3869 

0  0 

1083  8  3 

1883 

1855 

0  0 

1173  4  0 

1884 

2256 

0  0 

1385  0  0 

1885 

2533 

0  0 

995  0  6 

1886 

4336 

0  0 

1186  18  0 

1887 

2107 

0  0 

1511  0  5 

1888 

2441 

0  0 

1417  0  11 

1889 

1776 

0  0 

789  16  8 

1890 

1664 

0  0 

1039  10  0 

1881 

9007 

0  0 

864  10  0 

1899 

1653 

0  0 

907  15  6 

1893 

2175 

0  0 

683  15  6 

1894 

1236 

0  0 

977  15  5 

1896 

8228 

0  0 

n'>\    6  1 

1896 

1398 

0  0 

1059  10  8 

1897 

2399 

0  0 

1212  0  0 

1898 

1328 

0  0 

1430  14  2 

1899 

1801 

0  0 

1072  10  0 

1900 

204R 

0  0 

945  0  0 

1901 

1644 

0  0 

947  0  0 

1902 

1762 

0  0 

845  13  2 

1903 

2650 

0  0 

887  18  11 

1904 

2422 

0  0 

928  9  2 

1905 

o 

":  Including  J-idies.  5  PiUows  of  the  American  Assoclitionweiiadiitt^ 
^  xBotwuiiB  j-u  «.  »       ^  Including  848  Members  of  the  South  African  AMOClatlon. 


OFFICERS  AND  COUNCIL,  1905-1006. 

PATRON. 

HIS  HiUSSTY  THE  KINQ. 

PRESIDENt. 

PROFBSBOB  Sir  a.  H.  DARWIN,  K.O.B^  K.A.,  tUt).,  Pb.b.,  F.R.8. 

VICE-PRESIDENTS. 


HU  Ezoellcnoy  the  Bight  Hon.  ihe  Basl  of  Sxl- 
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Ekport  oj  the  Council  far  the  year  1904-1905,  presented  to  the  Obnrbal 
Committee  <U  the  Sitting  in  Cape  Town^  South  Africa^  on  Tuesday, 
Augusi  15,  o^  4.0  p.m. 

I.  The  arrangements  for  the  Mebting  of  the  Association  in  South 
Aprica  have  been  directed,  under  the  sanction  of  the  Council,  bj  a 
special  South  African  Committee,  sitting  in  liondon,  and  consisting  of 
die  General  Officers  of  the  Association  (the  President  and  President- 
Elect,  the  General  Treasurer,  and  the  General  Secretaries),  Professor  Anrtr 
strong,  Dr.  Horace  Brown,  Sir  William  Crookes,  Sir  James  Dewar,  Sir 
Archibald  Geikie,  Professor  H.  A.  Miers,  Sir  Henry  Roscoe,  and  Dp. 
Sclater.  The  co-ordination  of  the  work  of  the  various  Local  Committees 
has  been  carried  out  under^the  direction  of  the  Central  Organising 
Committee  fob  South  Africa,  sitting  at  Cape  Town,  consisting  of  Sir 
David  Gill  (Chairman)  and  Dr.  J.  D.  F.  Gilchrist  (Secretary). 

An  Addiitional  Expenses  Fund  having  been  opened  to  supplement  the 
subvention  of  6,000/.  from  the  South  African  Colonies,  contributions 
amounting  to  3,100/.  have  been  received  and  encashed. 

The  appointment  of  Yioe-Peesidents  of  the  Association  having  been 
left  by  the  General  Committee  in  the  hands  of  the  Council,  the  following 
gentlemen  have  been  appointed  : — 

His  Ezoellency  the  Right  Hon.  Lord 
Milnbb,  G.C.B.,  G.C.M.G.,  formerly 
High  Commissioner  for  South  Africa. 

His  Ezoellencj  the  Bight  Hon.  the  Eabl 
ov  Bblbobne,  G.C.M.G.,  High  Com- 
missioner for  South  Africa. 

His  Bxcellency  the  Hon.  Sir  Walter  K. 
Helt-Hutchinson,G.C.M.G.,  Gover- 
nor of  Cape  Colony. 

His  Excellency  Colonel  Sir  Henrt  E. 
McCallum,  G.O.M.Q.,  B.E.,  Governor 
of  Natal. 

His  Excellency  Captain  the  Hon.  Sir 
Abthub  LawleYp  K.C.M.G,  Lieu- 
tenant-Governor,  Transvaal. 

His  Excellency  Major  Sir  H.  J.  Gogld- 
Adams,  K.C.M.G.,  Lieutenant-Go- 
vernor, Orange  Biver  Colony. 


His  Honour  Sir  W.  H.  MiLTON, 
E.C.M.G.,  Administrator  of  Southern 
Bhodesia. 

Sir  David  Gill,  K.C.B.,  LL.D.,  D.Sc., 
F.RS.,  His  Majestj*s  Astronomer, 
Cape  of  Good  Hope. 

Sir  Charles  H.  T.  Mbtcalfb.  Bart., 
M.A. 

Theodore  Beunbbt,  M.Inst.C.E. 

The  Mayob  of  Cape  Town. 

The  Mayob  of  Johannesburg. 

The  President  of  the  Philosophical 
Society  of  South  Africa. 

The  Mayor  of  Durban. 

The  Mayor  of  Pietermaritzburg. 

The  Mayor  of  Bloemfontein. 

The  Mayor  of  Pretoria. 

The  Mayor  of  Kimberley. 

The  Mayor  of  Balawayo. 

II.  The  following  Agreement  has  been  made  between  the  British 
Association  and  the  South  African  Association  in  the  matter  of  financial 
arrangements  respecting  the  Annual  Meeting  in  1905  : — 

(i)  That  all  Members  (but  not  Associates)  of  the  South  African  Association 
shall  be  entitled  to  Associates'  Tickets  at  the  Meeting  of  the  British  Associa- 
tion in  South  Africa  in  1905. 

(ii)  That  the  South  African  Association  shall  pay  a  contribution  of  50DZ. 
to  the  funds  of  the  British  Association. 

(iii)  The  South  African  Association  guarantees  the  purchase  of  a  thousand 
copies  at  least  of  the  Annual  Volume,  the  copies  to  be  sent  direct  to  the 
Members  of  the  South  African  Association  on  payment  to  the  British  Associa- 
tion by  the  South  African  Association  of  the  sum  of  Ss.  per  copy.  o 
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III.  A  Cbmiuittee  of  the  Council,  consisting  of  Professor  O.  H. 
Darwin,  Sir  A.  Geikie,  the  General  Secretaries,  and  the  General  Treasurer, 
was  authorised  to  consider  the  appointment  of  an  Assistant  Sbcrbtart,  in 
succession  to  Dr.  Garson,  resigned,  with  the  result  that  Mr.  A.  Silva 
White  was  unanimously  appointed  to  fill  that  office. 

lY.  The  books  and  other  publications  presented  to  or  received  in 
exchange  by  the  Association,  with  the  exception  of  the  publications  of  the 
Corresponding  Societies  of  the  Association  and  the  ^nual  Volumes  of 
Reports  of  the  various  Associations  for  the  Advancement  of  Science, 
have  been  transferred  to  the  Libraiy  of  University  College,  Gower 
Street,  the  Council  of  University  College  having  undertaken  to  give  the 
same  facilities  to  Members  of  the  British  Association  for  the  use  of 
University  College  Library  as  were  granted  under  similar  circumstances 
by  the  University  of  London. 

V.  The  following  Resolution,  from  the  Committee  of  Section  A, 
having  been  referred  to  a  Committee  consisting  of  Dr.  A.  Buchan,  Dr. 
H.  R.  Mill,  Dr.  Shaw,  and  the  General  Officers,  to  consider  and  report 
thereon  to  the  Council : — 

The  Committee  of  Section  A  desire  to  draw  the  attention  of  the  Com- 
mittee of  Recommendations  to  the  conclnding  portion  of  Sir  John  Eliot's 
Introdoctory  Address  to  the  Sab-t3ection  for  Astronomy  and  Cosmical  Physics, 
and  to  express  the  opinion  that  the  organisation  of  a  Central  Meteorological 
Department  for  the  British  Empire  would  be  of  the  highest  benefit  to  the 
progress  of  Meteorological  Science  and  its  application  to  the  economic  pro- 
blems of  the  varioas  Colonies  and  Dependencies.  The  object  of  each  depart- 
ment would  be  to  collect  and  prepare  digests  of  the  Meteorological  observa- 
tions taken  in  different  parts  of  the  Empire,  to  provide  a  scientific  staff  for 
dealing  with  the  more  general  Meteorological  problems,  including  their  rela- 
tions to  Solar  Physics  and  Terrestrial  Magnetism,  which  involve  the  co-ordina- 
tion of  data  from  wide  areas,  and  to  promote  experimental  investigations  of 
the  scientific  questions  which  arise  in  connection  with  such  discoveries.  The 
Committee  desire  also  to  express  the  opinion  that  the  reorganisation  of  the 
Meteorologioal  Office,  which  is  at  present  before  the  Government,  affords  an 
exceptionsQly  favourable  opportunity  for  the  establishment  of  such  a  Central 
Meteorological  Department  for  the  Empire. 

The  Memorandum  that  follows  was  drawn  up  by  the  Committee  and 
has  been  approved  by  the  Council  : — 

Memorandum  on  a  Proposal  for  dealing  vnih  Meteorological  QuestianB 
affecting  the  British  Dominions  beyond  the  Seas, 

There  is  at  present  no  provision  for  the  systematic^^treatment  of  the 
meteorology  of  the  British  dominions. 

Observations  of  various  kinds  are  made  in  nearly  all  the  British  Colonies 
and  Dependencies,  and  summaries  of  these  observations  are  generally  inoloded 
in  the  respective  official  publications.  India,  Ceylon,  Canada,*itbe  several 
States  of  Australia,  New  Zealand,  Mauritius,  the  Cape  of  Good  Hope,  and  the ' 
Transvaal  have  organised  meteorological  establishments  and  issue  regular 
meteorological  publications.  Information  with  regard  to^the  meteorology  of 
the  Crown  Colonies  and  Protectorates  is  to  be  found  in  the  Blue-books  of 
the  several  dominions. 

There  is  no  provision  for  the  co-ordination  of  the  methods  of  observing,  the 
instruments  employed,  or  the  presentation  of  results. 

In  1890  the  Meteorological  Council  published  a  volume  of  summaries  of 
Colonial  observations  of  the  Army  Medical  Departm^t  and  of  the  Royal 
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Engineers,  and  recently  they  have  published  a  volume  of  tables  for  tropical 
Africa,  compiled  by  Mr.  E.  G.  Ravenstein  from  observations  practically  initiated 
by  a  Committee  of  the  British  Association. 

Colonial  observations  are  sent  to  the  Meteorological  OiBce  in  accordance 
with  a  circular  despatch  of  Mr.  Chamberlain. 

At  the  request  of  the  Crown  Agents,  the  Meteorological  Council  have 
recently  undertaketi  the  supervision  of  the  supply  of  instruments  for  the 
Governments  of  the  Crown  Colonies.  In  their  annual  reports  they  have  from 
time  to  time  referred  to  the  desirability  of  the  compilation  ^nd  regular  issue 
of  the  results,  but  they  have  been  unable  to  make  provision  for  this  service. 

The  want  of  a  satisfactory  system  of  co-ordinating  the  observations  from 
the  several  dominions  is  to  be  deplored  from  two  points  of  view — the  economic 
and  the  scientiiic. 

From  the  economic  point  of  view,  it  is  eminently  desirable  that  facilities 
should  be  given  for  the  comparison  of  the  climatic  features  of  the  regions 
available  for  settlement  and  the  conditions  which  affect  various  industries. 
At  present  it  is  possible  to  obtain  a  certain  amount  of  information  for  an  indi- 
vidual Colony  by  reference  to  Colonial  Blue-books,  but  the  data  are  of  very 
different  orders  of  completeness ;  and  to  ascertain  in  which  Colonies  specified 
climatio  conditions  are  to  be  found  would  be  a  labour  of  such  difficulty  as  to 
be  practically  prohibitive.  The  Board  of  Trade  publish  a  certain  number  of 
tables  of  meteorological  results  among  their  Colonial  statistics,  but  something 
of  a  more  comprehensive  character  is  required. 

From  the  scientific  point  of  view  the  regular  issue  of  the  meteorological 
data  for  the  British  Colonies  in  a  published  and  easily  accessible  form  is 
urgently  desired  by  meteorologists  of  all  countries.  This  is  sufficiently  shown 
by  the  following  extract  from  a  notice  of  the  recent  publication  of  the  results 
for  tropioal  Africa  in  the  MeUorologitehe  JSeittohrift,  the  leading  meteorological 
journal: — 

'  To  the  Meteorological  Council  the  warmest- thanks  of  all  meteorologists 
are  due  for  their  resolution  to  publish  from  time  to  time  the  reports  of  observ- 
ations at  colonial  or  foreign  stations,  which  are  collected  in  the  Meteorological 
Office  partly  in  printed  form  and  partly  in  manuscript.  In  this  journal  we 
have  repeatedly  pointed  out  that  it  is  in  the  highest  degree  desirable  that  the 
rich  store  of  observations  which  have  accumulated  in  the  Meteorological  Office, 
and  which  might  be  of  great  importance  for  the  physics  of  the  atmosphere  as 
a  whole,  should  be  made  generally  known  and  available.  ...  It  is  very 
desirable  that  this  valuable  publication  may  soon  be  continued.' 

But  there  is  another  aspect  from  which  the  scientific  treatment  of  meteoro- 
logical data  must  be  regarded  as  having  an  important  bearing  upon  the 
economic  interests  of  remote  parts  of  the  Empire. 

Sir  John  Eliot,  in  his  address  to  the  British  Association  meeting  at  Cam- 
Mdge,  pointed  out  how  the  study  of  the  meteorological  conditions  of  the 
Indian  Ocean  and  the  bordering  countries  had  been  already  applied  t-o  pro- 
blems affecting  the  economic  conditions  of  India  as  depending  upon  the 
variation  of  the  monsoon  rainfall,  and  he  gave  reasons  for  believing  that  the 
further  prosecntion  of  the  inquiiy  promises  valuable  results  for  India,  Aus- 
tralia, South  and  Bast  Africa,  and  other  countries  bordering  on  the  Indian 
Ocean  if  provision  were  made  for  dealing  with  the  meteorol(^cal  problem  in 
a  comprehensive  manner  with  reference  to  the  Indian  Ocean  as  a  whole. 

Similar  reasoning  may  be  held  to  apply  also  to  other  oceanic  areas,  in  or 
on  the  border  of  which  British  Colonies  are  situated.  In  this  connection  it 
should,  perhaps,  be  mentioned  that  the  control  of  the  meteorological  organ- 
isation of  the  British  West  Indies  is  already  passing  into  the  hands  of  the 
United  States. 

As  a  result  of  Sir  John  Eliot's  representation,  the  attention  of  the  Council 
of  the  British  Association  has  been  called  to  the  advantages  likely  to  accrue 
from  the  organised  study  of  the  meteorological  problems  affecting  various 
groups  of  British  dominions. 

It  has  been  further  pointed  out  that  such  organised  study  can  be  most 
effectively  secured  by  the  establishment  of  a  central  institution  devoted 
to  these  objects.  Such  an  institution  ought  to  be  in  close  connection  with  the 
Vet^rolo^cal  Ol&oe,  which  is  itself  in  regular  correspondence  with  th^ 
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meteorological  organisations  of  foreign  countries  as  well  as  those  of  the  self- 
governing  Colonies.  The  meteorology  of  the  ocean  has  been  an  essential  part 
of  the  work  of  the  office  from  its  establishment  in  1854,  and  oceanic  data  must 
necessarily  be  appealed  to  for  the  eflfective  study  of  the  meteorology  of  the 
neighbouring  limd  areas. 

The  President  and  Council  of  the  British  Association  are  informed  that 
the  Meteorological  Office,  as  at  present  constituted,  has  not  the  means  of 
dealing  effectively  with  the  various  problems  of  Colonial  meteorology,  and 
the  suggested  institution  would  have  to  be  a  distinct  department  with 
separate  provision,  whether  it  was  in  organic  connection  with  the  Office 
or  not. 

The  President  and  Council  believe  that  the  Government  of  India,  from 
their  interest  in  meteorological  investigations,  would  be  willing  to  contribute 
their  &ir  share  towards  the  maintenance  of  such  an  institution,  and 
they  desire  to  bring  the  matter  to  the  notice  of  the  Secretary  of  State  for 
the  Colonies  with  the  view  of  ascertaining  the  opinion  of  the  various 
Colonies  which  are  interested  in  the  subject.  They  desire  to  learn  whether 
ihey  would  be  supported  in  an  effort  to  obtain  the  establishment  of  such  an 
institution  as  liad  been  described. 

By  way  of  summary,  the  objects  of  the  suggested  institution  may  be  briefly 
stated  to  be : — 

1.  To  give  any  information  that  may  be  required  to  the  Oovemments  or 
other  authorities  of  the  British  dominions  as  to  instruments  and  methods  to  be 
adopted  for  an  effective  system  of  meteorological  observations. 

2.  To  compile  and  publish  periodical  reports  upon  the  climatic  conditions 
of  the  various  parts  of  the  Empire  upon  a  comparable  plan.  To  form  an 
accessible  depository  of  information  upon  matters  concerning  the  climates 
of  the  whole  Bmpire,  and  to  afford  information  upon  those  subjects  to  in- 
quirers. 

3.  To  provide  a  scientific  staff  for  the  study  of  the  general  meteoro- 
logical conditions  which  affect  the  weather  in  the  various  British  dominions, 
and  in  particular  to  promote  the  formulation  of  meteorological  laws,  and  to 
apply  them  to  explain  and  ultimately  to  anticipate  the  occurrences  of 
abnormal  seasons. 

A  copy  of  this  Memorandum  having  been  forwarded  to  the  Colonial 
Office,  with  a  covering-letter  suggesting  that  the  question  might  be 
moved  by  a  deputation  to  the  Secretary  of  State,  Mr.  Lyttelton  replied 
that,  whilst  sympathising  with  the  object  which  the  Council  had  in  view„ 
he  did  not  think  that  there  would  be  any  advantage  in  receiving  a  deputa- 
tion until  he  was  in  possession  of  further  information  on  the  subject.  Iiv 
satisfaction  of  this  request,  the  Committee  drafted  the  following  additional 
information  : — 

Draft  Memorandum  in  further  explanation  of  the  proposed  for  dealing, 
with  the  Meteorology  of  the  Colonies  and  Dependencies^  for  the  infor-. 
mation  of  ifie  Secretary  of  State, 

This  memorandum  deals  mainly  with  the  object  numbered  S  in  the  con- 
cluding summary  of  the  memorandum  approved  by  the  President  and  Council 
on  March  8,  1906,  because  the  services  indicated  under  numbers  1  and  2  would 
be  included  incidentally  in  the  development  of  number  3. 

The  statement  of  the  object  numbered  3  is  as  follows  :— 

To  provide  a  scientific  staff  for  the  study  of  the  general  meteorological 
conditions  which  affect  the  weather  in  the  leveral  British  dominions,  and  ii^ 
particular  to  promote  the  formulation  of  meteorological  laws,  and  to  apply 
them  to  explain  and  ultimately  to  anticipate  the  occurrence  of  abnormal 
seasons. 

The  idea  underlying  the  proposal  is  to  deal  with  the  general  meteorological 
conditions  of  wider  areas  than  those  with  which  the  various  meteorological 
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ofBoes  of  the  world  have  hitherto  heen  regarded  as  being  primarily  ooncemed. 
The  British  Meteorological  Office  does  indeed  concern  itself  with  the  meteoro- 
logy of  the  oceans  from  the  point  of  view  of  shipping.  In  effect,  the  proposal 
is  to  ntilise  farther  the  information  already  obtained  at  sea  in  oon junction 
with  land  observations  for  the  investigation  of  the  meteorology  of  large  ocean 
areas  in  relation  to  that  of  the  adjacent  land  areas,  and  from  the  point  of  view 
of  the  land  population. 

It  IB  known,  for  example,  that  the  meteorological  conditions  of  India, 
Anstralia,  South  Africa,  East  Africa,  and  Egypt  stand  in  close  relation  to  those 
of  the  Indian  Ocean,  and  the  study  of  these  relations  promises  very  important 
results  in  connection  with  the  prediction  of  the  seasons*  This  investigation 
requires  that  the  information  shall  be  treated  in  a  manner  different  from 
that  now  followed  for  the  more  immediate  purpose  of  its  application  to  the 
interests  of  shipping. 

The  meteorological  phenomena  which  are  regarded  as  demanding  careful 
atady,  in  the  first  instance,  are  the  following ; — 

The  conditions  of  favourable  and  unfavourable  seasons  in  India. 

The  droughts  of  Australia  and  South  Africa. 

llie  conditions  of  favourable  and  unfavourable  Kile  floods. 

With  those  would  be  associated  the  relation  of  the  weather  of  the  Mediter- 
ranean to  the  Indian  cold  weatfier  anomalies,  and  the  relation  of  the  South 
Indian  anticyclone  to  the  Antarctic  ice. 

The  larger  part  of  the  necessary  land  data  for  the  investigation  of  these 
particular  questions  can  probably  be  found  in  the  publications  of  the  meteoro- 
logical organisations  of  India,  Australia,  South  and  East  Africa,  Egypt, 
Mauritius,  Hong  Kong,  Singapoi^,  or  can  be  furnished  directly  by  those 
organisations.  They  should  be  supplemented  by  observations  contributed  by 
certain  foreign  Governments.  The  marine  data  would  have  to  be  compiled 
from  the  documents  collected  from  ships  by  the  meteorological  departments 
of  this  oountiy  and  India.  The  further  development  of  the  collection  of  obser- 
vations—more especially  of  marine  data— might  be  necessary,  in  order  to 
complete  the  investigation. 

The  use  of  the  data  would  be,  in  the  first  instance,  to  obtain  a  survey 
of  the  sequence  of  the  more  geneial  weather  changes  over  the  whole  region 
under  consideration.  The  first  step  in  the  operations  therefore  would  be  to 
consider  the  nature  and  extent  of  the  data  available  for  the  purposes  in  view, 
and  the  form  in  which  they  should  be  compiled  for  study  or  for  publication. 

A  corresponding  inquiry  for  the  Atlantic  Ocean  and  the  countries  border- 
ing upon  it  is  equally  desirable,  and  should  be  conducted  concurrently  in  the 
interests  of  the  British  Isles  and  the  American  and  West  Indian  Colonies. 

In  order  to  carry  out  the  proposal,  something  more  than  what  would  be 
generally  understood  by  *a  moderate  addition  to  the  staff  of  the  Meteoro- 
logical Office'  is  required.  The  proposal  involves  a  scientific  investigation 
jof  a  very  important  character  which  could  not  be  regarded  as  merely  an 
incidental  addition  to  the  usual  operations  of  the  Office.  A  man  of  suitable 
^ientific  attainments  should  be  responsible  for  conducting  it  in  consultation 
with,  and  under  the  general  supervision  of,  the  Director  of  the  Meteorological 
Office.  It  is  desirable  to  mark  the  nature  oC  the  qualifications  expected  in 
the  person  to  whom  the  work  is  entrusted  by  giving  him  the  title  of  Assistant 
PirectoT  and  providing  a  salary  of  from  400/.  to  600/.  a  year.  It  should  be 
remembered  also  that  the  Meteorological  Office  could  not  find  accommodation 
for  the  proposed  additional  staff  without  some  addition  to  the  space  at  present 
available. 

It  is  estimated  that  the  ftnnual  cost  of  the  work  would  be  2,000/.,  rising  in 
^ve  years  to  2,500/.  made  up  as  follows  : — 

Salaries  :  Assistant  Durector      ......  £i&0  to  £560 

Scientific  assistant,  computers  and  clerical  staff  1,050  to  1,300 

Publications,  printing  and  stationery        .        .       •        •  300  to    500 

IHCIDBHTAL  BXPKKSES,  office  rent,  &c 200  to    150 

The   estimate    is   based   on    the    supposition  that   the    Meteorologi(^ 
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Cbmmittee  would  be  willing  to  undertake  the  general  control  of  the  depart- 
iuent  as  a  branch  of  the  Meteorological  Office. 

It  may  be  mentioned  that  the  Goverument  grant  to  the  Meteorological 
Office  at  present  stands  at  16,3002  The  cost  of  the  marine  department,  as 
shown  in  the  Report  of  the  Meteorological  Council  for  1908-4,  is  1,366/., 
(xclusive  of  office  expenses,  publications,  &c. 

The  Ojuncit^  in  approving  this  Memorandum,  has  caused  it  to  be  con- 
veyed under  a  covering-letter  to  the  Secretary  of  State  for  the  Colonies. 

VI.  The  following  Resolution,  from  the  Conference  of  Delegates, 
was  referred  to  the  Council  by  the  General  Committee  for  consideration 
and  action,  if  desirable  : 

(i)  That  a  Committee  be  appointed,  consisting  of  Members  of  the  Council 
of  the  Association,  together  with  representatives  of  the  Corresponding 
Societies,  to  consider  the  present  relation  between  the  British  Association  and 
local  Scientific  Societies. 

(ii)  That  the  Committee  be  empowered  to  make  suggestions  to  the  Council 
with  a  view  to  the  greater  utilisation  of  the  connection  between  the  Associa- 
tion and  the  affiliated  Societies,  and  the  extension  of  affiliation  to  other 
Societies  who  are  at  present  excluded  under  Regulation  1. 

This  Resolution,  having  been  referred  to  a  Committee,  consisting  of 
Dr.  E.  H.  Griffiths,  Sir  Norman  Lockyer,  Professor  Meldola,  Mr.  F.  W. 
Rudler,  Mr.  W.  Whitaker,  and  thp  General  Officers,  to  consider  and 
report  thereon  to  the  Council,  the  Committee  made  the  following  recom- 
mendations : — 

I.  (i)  'That  any  Society  which  undertakes  local  scientific  investigation 
and  publishes  the  results  may  become  a  Society  affiliated  to  the  British 
Association. 

(ii)  '  That  the  Delegates  of  such  Societies  shall  be  members  of  the  General 
Committee. 

(iii)  *  That  any  Society  formed  for  the  purpose  of  encouraging  the  study 
of  science,  which  has  existed  for  three  years  and  numbers  not  fewer  than 
fifty  members,  may  become  a  Society  oModated  with  the  British  Association. 

(iv)  '  That  all  associated  Societies  shall  have  the  right  to  appoint  a 
Delegate  to  attend  the  Annual  Conference,  and  that  such  Delegates  shall 
have  all  the  rights  of  those  appointed  by  the  affiliated  Societies,  except  that 
of  membership  of  the  General  Committee.' 

II.  The  Committee  further  recommend  that  the  Council  request  the 
Corresponding  Societies  Committee — 

(i)  <  To  collect  information  as  to  the  Societies  of  the  IJnited  Kingdom  who 
might  become  Associated  Societies  under  Rule  I. 

(ii)  *  To  consider  and  report  on  the  question  of  "  A  Journal  of  Correspond- 
ing Societies  "  referred  to  in  Principal  Griffith's  Report.' 

III.  The  Committee  also  recommend — 

*  That  the  Council,  in  nominating  a  Chairman  of  the  Conference  of  Dele- 
gates, should  choose  one  of  their  own  body.' 

On  the  recommendation  of  the  Corresponding  Societies  Committers, 
the  following  Resolution,  remitted  to  the  Committee  and  embodying  sub- 
sequent amendments,  has  been  adopted  by  the  Council  : — 

By-Law. 

I.  (i)  *Tliat  anv  Society  which  undertakes  local  scientiilc  investigation 
and  publishes  tbe^  results  may  become  ft  Society  afUiated  to  the  Britisl) 
AnocUtion. 
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(ii)  '  That  the  Delegates  of  anch  Societies,  who  moBt  be  or  become  mem- 
bere  of  the  British  AssociatioD,  shall  be  ea  officio  members  of  the  General 
Coinmittee. 

(iii)  '  That  any  Society  formed  for  the  parpose  of  enootiraging  the  stady 
of  science,  which  has  existed  for  three  years  and  numbers  not  fewer  than 
fifty  members,  may  become  a  Society  oMoeiMed  with  the  British  Association. 

<iv)  'That  all  associated  Societies  shall  have  the  right  to  appoint  a 
I>elegate  to  attend  the  Annual  Conference,  and  that  sach  Delegates  shall  be 
members  or  associates  of  the  British  Association,  and  shall  have  all  the  rights 
of  those  appointed  by  the  affiliated  Societies,  except  that  of  membership  of 
the  General  Committee. 

II.  *That  the  Corresponding  Societies  Committee  be  requested  to  collect 
information  as  to  the  Societies  of  the  United  Kingdom  wlto  might  become 
Associated  Societies  under  Rule  I.  (Ctfrresponding  Societies). 

III.  *That  in  nominating  a  Chairman  of  the  Conference  of  Delegates, 
Rnle  VIII.  {CorreMjnmdifig  l^rties)  be  allowed  to  st^nd.' 

VII.  A  Report  has  been  received  from  the  Corresponding  Societies 
Coinmittee,  together  with  the  list  of  the  Corresponding  Societies  and  the 
titles  of  the  more  important  papers,  especially  of  those  referring  to  Local 
Scientific  Investigations,  published  by  the  Societies  during  the  year  ending 
May  31,  1905. 

VIII.  A  Committee  of  the  Council,  consisting  of  Dr.  J.  Scott  Keltie, 
Professor  Meldola,  Professor  W.  W.  Watts,  and  the  General  Officers, 
having  been  appointed  to  consider  and  report  upon  the  following  Resolu- 
tion : — 

(i)  '  That  it  is  desirable  that  the  Reports  of  Committees,  especially  where 
they  extend  over  two  or  more  jears,  should  be  offered  for  public  circu- 
lation in  a  separate  form  from  the  annual  volume  of  Reports,  at  a 
small  price,  say  6^1.  per  copy. 

(ii)  *  That  as  there  has  been  a  great  demand  for  copies  of  the  Reports  of  the 
Women's  Labour  Committee  of  this  Section,  audit  has  been  impossible 
to  satisfy  it,  these  Reports  be  printed  and  sold  separately  at  the  smallest 
ohai^  possible.' 

The  OoMifiTTEE  reported  as  follows  : — 

(i)  '  As  it  is  the  custom  of  the  Council  to  provide  Committees  with 
any  reasonable  number  of  separate  copies  of  the  Reports  that  are  asked 
for  while  the  type  is  standing,  and  as  separate  copies  of  such  Reports  are 
kept  on  sale  and  advertised  in  the  Annual  Volume,  this  Committee  is  of 
opinion  that  it  is  unnecessary  to  make  any  further  arrangements  for  the 
separate  publication  of  such  Reports.  The  Committee  are  of  opinion  that 
any  exceptional  cases  that  arise  might  be  dealt  with  by  the  General 
Officers,  and  subsequently  reported  to  the  Council. 

*  With  regard  to  (ii)  the  Committee  beg  leave  to  recommend  that  it 
be  left  to  the  General  Officers  to  communicate  further  with  the  Committee 
of  Section  F  with  a  view  to  obtaining  further  information  as  to  what  is 
the  demand  for  the  Reports  referred  to,  and  to  act  at  their  discretion.' 

IX.  With  reference  to  the  nomination  of  two  Members  of  Council  for 
election  by  the  General  Committer,  the  Council  has  adopted  the  follow- 
ing Resolution  : — 

(i)  A  nomination  for  either  of  the  two  vacant  seats  on  the  Council  may 
be  made  in  writing  by  any  two  or  more  members  of  the  General  Committee, 
and  must  be  sent  to  the  Assistant  Secretary  so  as  to  be  received  by  hinp 
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at  least  twenty-four  hours  before  the  Meeting  of  the  General  Committee  at 
which  the  election  takes  place. 

(ii)  The  nominations  shall  be  read  to  the  Meeting  by  the  Chairman  ;  and 
if  more  than  two  persons  be  nominated,  the  election  shall  be  by  ballot  or 
show  of  hands,  and  the  two  having  the  highest  numbers  of  votes  shall  be 
declared  elected. 

(iii)  In  case  no  nomination,  or  only  one  nomination,  shall  be  received, 
AS  provided  for  by  By-law,  two  seats  on  the  Council  (or  one  seat,  as  the  case 
may  be)  shall  remain  vacant  until  the  next  ensuing  Mooting  of  the  Council, 
when  the  seats  (or  seat,  as  the  case  may  be)  shall  be  filled  by  oo-optation  of 
the  other  members  of  the  Council. 

X.  The  following  Nominations  are  made  by  the  Coanoil : — 

(i)  Dr.  A.  Smith  Woodward,  Chairman  ;  Mr.  W.  Whitaker,  Vute- 
Cliairman  ;  and  Mr.  F.  W.  Rudler,  Secretary^  of  the  Gonfbrencb  of  Dele- 
gates of  (Corresponding  Societies  to  be  held  in  London  in  October  next. 

(ii)  Members  of  the  CoRRESPONDiNO  Societies  Committee  for  the  ensu- 
ing year  : — Mr.  W.  Whitaker  {Chairman\  Mr.  F.  W.  Kudler  (Secretary)^ 
Rev.  J.  O.  Bevan,  Dr.  Horace  T.  Brown,  Dr.  Yaughan  Ck>mish,  Dr.  J.  G. 
Garson,  Principal  E.  H.  Griffiths,  Mr.  T.  V.  Holmes,  Mr.  J.  Hopkinson, 
Professor  R.  Meldola,  Dr.  H.  R.  Mill,  Mr.  C.  H.  Read,  Rev.  T.  R,  R. 
Stebbing,  Professor  W.  W.  Watts,  and  the  General  Officers  of  the 
Association. 

(iii)  Sectional  Officers  for  the  Meeting  in  South  Africa,  whose 
names  appear  on  the  printed  programme. 

XT.  The  Council  has  received  reports  from  the  General  Treasurer 
during  the  past  year,  and  his  Accounts  from  July  1,  1904,  to  June  30, 
1905,  have  been  audited  and  are  presented  to  the  General  Committee. 

XII.  In  accordance  with  the  regulations,  the  retiring  Members  of  the 
Council  are  as  follows  : — By  seniority^  Professor  H.  E.  Armstrong,  Dr.  J. 
Bonar,  and  Major  L.  Darwin  ;  by  least  aiteiidance^  Sir  W.  Abney,  and 
Mr.  H.  J.  Mackiuder. 

The  Council  recommend  the  re-election  of  the  other  ordinary  Mem- 
bers of  the  Council,  with  the  addition  of  the  gentlemen  whose  names  are 
distinguished  by  an  asterisk  in  the  following  list : — 


Bourne,  G.  C,  D.Sc. 
Bower,  Professor  F.  O.,  F.R.S. 
Brabrook,  B.  W.,  C.B. 
Brown,  Dr.  Horace  T.,  F.R.S. 
Gallendar,  Professor  H.  L..  F.R.S. 
CunniDgham,  Professor  D.  J.,  F.R.S. 
•Dunstan.  W.  R.,  F.R.8. 
•Dyson,  F.  W..  F.R.S. 
♦Glaeebrook,  Dr.  R.  T.,  F.R.S. 
Gotch,  Professor  F.,  F.R.S. 
Haddon,  Dr.  A.  C,  F.B.8. 
Hawksley,  C,  M.Inst  C.E. 

XIII.  The  following  claims  for  admission  to  the  General  Committer 
have  been  allowed  by  the  Council  : — 


Higgs,  Henry,  LL.B. 

Langley,  Professor  J.  N.,  F.R,8. 

Macalister,  Professor  A.,  F.R.S. 

McEendrick,  Professor  J.  O.,  F.R.8. 

Noble,  Sir  A„  Bart.,  K.C3.,  F.R  S, 

PerkiD,  Professor  W.  H.,  F.R.S. 

Seward,  A.  C,  F.R.S. 

Shaw,  Dr.  W.  N.,  F.R.S. 

Shipley,  A.  E.,  F.R.S. 

Watte,  Professor  W.W.,  F.R.S. 

Woodward,  Dr.  A.  Smith,  F.R  S. 


Mr.  Arpold  T.  WatFop. 


Mr.  John  BoUpn. 
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Committees  appointed  by  the  General  Committee  at  the  South 
African  Meeting  in  August  and  September,  1905. 

1.  Receiving  Grants  oj  Money, 


Sabfeci  for  Investigation  or  Purpose 


Members  of  the  Committee 


GranU 


Section  A.— MATHEMATICS  AND  PHYSICS. 


MakiDg  Experiments  for  improv- 
ing t  he  CoDstmction  of  Practical 
Standards  for  use  in  Electrical 
Measurements. 


Seismological  ObeervatioDs, 


To  co-operate  with  the  Committee 
of  the  Falmouth  Observatory 
in  their  Magnetic  Observations. 


To  conticue  the  Magnetic  Survey 
of  South  Africa  commenced  by 
Professors  Beattie  and  Morrison. 


Chairman, — Lord  Rayleigh. 

Seeretofy^—Dr.  B.  T.  Glazebrook. 

Lord  Kelvin,  Professors  W.  E. 
Ayrton,  J.  Perry,  W.  G.  Adams, 
and  G.  Carey  Foster,  Sir  Oliver 
Lodge,  Dr.  A.  Muirhead, 
Sir  W.  H.  Preece,  Professor 
A.  Schuster,  Dr.  J.  A.  Fleming, 
Professor  J.  J.  Thomson,  Dr. 
W.  N.  Shaw,  Dr.  J.  T.  Bot- 
tomley,  Rev.  T.  C.  Fitzpatrick, 
Dr.  G.  Johnstone  Stoney,  Pro- 
fessor S.  P.  Thompson,  Mr.  J. 
Rennie,  Principal  B.  H.  Griffiths, 
Sir  A.  W.  Backer*  Professor 
H.  L.  Callendar,  and  Mr.  G. 
Matthey. 

^atVmait.— Professor  J.  W.  Judd. 

Secretary.-— ^T,  J.  Milne. 

Lord  Kelvin,  Dr.  T.  G.  Bonney, 
Mr.  0.  V.  Boys,  Professor  G.  H. 
Darwin,  Mr.  Horace  Darwin, 
Major  L.  Darwin,  Professor 
J.  A.  Ewing,  Mr.  M.  H.  Gray, 
Dr.  R.  T.  Glazebrook,  Professor 
C.  G.  Knott,  Professor  B.  Mel- 
dola,  Mr.  B.  D.  Oldham,  Pro- 
fessor J.  Perry,  Mr.  W.  E. 
Plummer,  Professor  J.  H. 
Poynting,  Mr.  Clement  Beid, 
Mr.  Nelson  Bichardson,  and 
Professor  H.  H.  Turner. 

Chairman,— ^it  W.  H.  Preece. 

Secretary.— Dr.  B.  T.  Glazebrook. 

Professor  W.  G.  Adams,  Captain 
Creak,  Mr.  W.  L.Fox,  Professor 
A.  Schuster,  Sir  A.  W.  Biicker, 
and  Dr.  Charles  Chree. 

Chairman.  —Sir  Uavid  Gill. 
Secretary,— 'Vtotessor  3. Q.  Beattie. 
Mr.  8.  S.  Hough,  Professor  Morri- 
son, and  Professor  A.  Schuster. 


£    9,d, 
S5    0  0 
and  une^  - 
pended 
balance. 


40    0  0 


50    0  0 


100    0  0 


iooglle 
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BEPOBT— 1905, 
1.  Recewing  OtomU  of  Money — continned. 


Subject  for  Invesiigaiion  ot  PorpoBe 


Membors  of  the  Committee 


Sbotioh  B.— chemistry. 


Preparing  a  new  Series  of  Wave- 
length Tables  of  the  Spectra 
of  the  Elements. 


The  Study  of  Hydro-aromatic  Sub- 
stances. 


Chairman.— ^&it  H.  E.  Roscoe. 
Secretary. — Dr.  Marshall  Watts. 
Sir  Norman  Lockyer,  Professors 

Sir  J.  Dewar,  G.  D.  Liveing,  A. 

Schuster,   W.  N.  Hartley,  and 

Wolcott  Gibbs.  Sir  W.  de  W. 

Abney,  and  Dr.  W.  E.  Adeney. 

Chairman. — Professor  B.  Divers. 
Secretary. —Dr.  A.  W.  Grossley. 
Professor  W.  H.  Perkin.  Dr.  M.  O. 
Forster,  and  Dr.  Le  Sueur. 


The  Transformation  of  Aromatic  ,  CAam/uin.— Professor  F.  S.  Kip- 
Nitramines     and    allied     sub-         ping, 
stances,  and  its  relation  to  Sub-  |  Secretary. — Professor    K.    J.    P. 


stitution    in    Benzene   Deriva- 
tives. 


Sbction  C— geology. 

To  investigate  the  Erratic  Blocks  I  Chairman.— Dr.  J.  E.  Marr. 
of  the  British  Isles,  and  to  take     Secretary. ^Mt,  P.  F.  KendalL 
measures  for  their  preservation.     Dr.  T.  G.  Bonney,  Mr.  C.  E.  De 

Ranee,  Professor  W.  J.  Solh&s, 

Mr.  R.  H.  Tiddeman,  Rev.  S.  N. 

Harrison,    Dr.    J.    Home,  Mr. 

F.  M.  Burton,    Mr.  J.  Lomas, 

Mr.  A.    B.    Dwerryhouse,    Mr. 

J.  W.  Stather.  Mr.  W.  T.  Tucker. 

and  Mr.  F.  W.  Harmer. 


To  study  Life-zones  in  the  British 
Garboniferous  Rocks. 


To  report  upon  the  Fauna  and 
Flora  of  the  Trias  of  the  British 
Isles. 


Climrnian. — Dr.  J.  E.  Marr. 

Secretary. — Dr.  Wheelton  Hind. 

Dr.  F.  A.  Bather,  Mr.  G.  C.  Crick, 
Mr.  A.  H.  Foord,  Mr.  H.  Fox, 
Prof  esBor  E.  J.  Garwood,  Dr.  G .  J. 
Hinde,  Professor  P.  F.  Kendall, 
Mr.  R.  Kidston,  Mr.  G.  W.  Lam- 
plugh.  Professor  G.  A.  Lebour, 
Mr. B.N. Peach,  Mr.  A.  Strahan, 
Mr.  D.  T  Gwynneyaughan,and 
Dr.  H.  Woodward. 


Chairman. — Professor  W.  A.  Herd- 
man. 

Secretary. — Mr.  J.  Lomas. 

Professors  W.  W-.  Watts  and  P.  F. 
Kendall,  Messrs.  H.  C.  Beasley, 
B.  T.  Newton,  A.  C.  Seward, 
and  W.  A.  E.  Ussher,  and  Dr. 
A.  Smith  Woodward. 


Orton. 

Dr.   S.   Ruhemann,   Dr.  A.   La{>- 
worth,  and  Dr.  J.  T.  Hewitt. 


Grants 


£   8.  d. 
5    0  0 


25    0  0 


10    0  0 


Unex- 
pended 
balance. 


Balanoe 
in  hand. 


7    8  11 
and  unex- 
pended 
balance. 


Ogle 


COMMITTEES  APPOINTED  BY  TOft  GENERAL  COMMITTEE. 
1.  Beoewmg  dhaaiti  qf  Moneff^-QonMnxxedi, 


x^i. 


Subject  for  Investigation  or  Purpose 


To  investigate  the  Foesiliferons 
Drift  Deposits  at  Kirmington, 
Lincoln^ire,  and  at  various 
localities  in  the  Bast  Riding  of 
Yorkshire. 


To  enable  Mr.  B.  Greenly  to  com> 
plete  his  Researches  on  the 
Composition  and  Origin  of  the 
Crystalline  Rocks  of  Anglesey. 

To  enable  Dr.  A.  Vaughan  to 
continue  his  Researches  on  the 
Faunal  Succession  in  the  Car- 
boniferous Limestone  of  the 
South-west  of  England. 

To  investigate  and  report  on  the 
Correlation  and  Age  of  South 
African  Strata  and  on  the 
question  of  a  Uniform  Strati- 
graphical  Nomenclature. 


Members  of  the  Committee 


ChaimukiL—'i&x.  G.  W.  Lamplugb. 

Secretary, ^IAt,  J.  W.  Stather. 

Dr.  Tempest  Anderson,  Professor 
J.  W.  Carr,  Rev.*  W.  Lower 
Carter,  Messrs.  A.  R.  Dwerry- 
house,  F.  W.  Harmer,  and  J.  H. 
Uowarth,  Rev.  W.  Johnson,  and 
Messrs,  P.  F.  KendaU,  B.  T. 
Newton,  H.  M.  Platnauer,  Cle- 
ment Reid,  and  T.  Sheppaid. 

Chairman, — Mr.  A.  Barker. 
Sfioretary. — Mr.  E.  Greenly. 
Mr,  J.   Lomas   and    Dr.    C.    A. 
Matley. 

CAairffMw.— Professor  J.  W.  Gre- 
gory. 

Secret€Mry, — Dr.  A.  Vaughan. 

Dr.  Wheelton  Hind  and  Professor 
W.  W.  Watts. 

^Aairvuin.— Professor  J.  W.  Gie- 

gory. 
Seoretwry, — Professor  A.  Young. 
Mr.   W.  Anderson,  Professor  R. 

Broom,  Dr.  G.  S.  Corstorphine, 

Mr.  Waloot  Gibson,  Dr.  F.  H. 

Hatch,  Mr.  T.  H.  Holland,  Mr. 

H.  Eynaston,  Dr.   Molengraaf, 

Mr.  A.  W.  Rogers,  Mr.  E.  H.  L. 

Schwarz,  and  Professor  R.  B. 

Young. 


Granto 


£     9.  d. 
Balance 
in  hand. 


30    0  0 


15    0  0 


10    0  0 


Section  D.— ZOOLOGY. 


To  aid  competent  Investigators 
selected  by  the  Committee  to 
carry  on  definite  pieces  of  work 
at  the  Zoological  Station  at 
Naples. 


Compilation  of  an  Indez  €renerum 
et  Specierum  Animalium. 


To  enable  Mr.  J .  W.  Jenkinson  to  con- 
tinue his  Researches  on  the  Infla- 
ence  of  Salt  and  other  Solutions 
on  the  Development  of  the  Frog. 

To  enable  Dr.  F.  W.  Gamble  and 
Mr.  F.  W.  Keeble  to  conduct 
Researches  on  the  relation  be- 

I  tween  Respiratory  Phenomena 
and    Colopr   Changes   in   the 

i      Higher  Crustacea. 


Chairfnan,—VroteaBOi  S.  J.  Hick*  i  100    0  0 
son. 

/Seoreta^.—Uev.  T.  R.  R.  Stebbing. 

Professor  E.  Ray  Lankester,  Pro- 
fessor W.  F.  R.  Weldon,  Mr. 
A.  Sedgwick,  Professor  W.  C. 
Mcintosh,  and  Mr.  G.  P.  Bidder. 

Chairman. — Dr.  H.  Woodward.  75    0  0 

Secretary,— T>x.  F.  A.  Bather. 

Dr.  P.  L.  Sclater,  Rev.  T.  R.  R.  , 
Stebbing,  Mr.  W.  E.  Hoyle,  the  i 
Hon.  Walter  Rothschild,  and  ] 
Lord  Walsingham. 

Chairman, — Professor  Weldon.  10    0  0 

Secretary, — Mr.  J.  W.  Jenkioson. 
Professor  S.  J.  Hickson. 


Chairman.- 

son. 
Secretary. 


-Professor  S.  J.  Hick-       15    0  0 


Dr.  F.  W.  Gamble.       ,  i 

Dr.  Hoyle  and  Mr.  F.  W.  Keeble. 

Digitized  byjCjOOQlj^ 
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REPORT — 1905. 
1»  Reeewing  GranU  of  Money— ^nixxiixeA.. 


Subject  for  Investigation  or  Purpose 


The  Freshwater  Fishes  of  Soath 
Africa,  with  special  reference 
to  those  of  the  Zambesi, 


Members  of  the  Committee 


Grants 


Chairman,— Mr.  Q.  A.  Boulenger.  i 
Secretary.— ^Dt.  J.  D.  F.  Gilchrist.  I 
Mr.  W.  L.  Sclater. 


£ 
50 


9,  d. 
0  0 


Section  E.— GEOGRAPHY. 


The  Qaantity  and  Composition  of 
Rainfall,  and  of  Lake  and  River 
Discharge. 


Chairman.— Sir  John  Murray.        ]     10    0  0 
Secretaries.— Frofessor  A.  B.  Mac- 

allam  and  Dr.  A.  J.  Herbertson.  ' 
Sir  B.  Baker.Profeasor  W.M.  Davis,  | 

Professor  P.  F.  FranUand,  Mr. 

A.  D.  Hall,  Mr.  B.  H.  V.  Mel-  ! 

ville,  Dr.  H.  R.  Mill,  Professor 

A.  Penck,  and  Mr.  W.  Whitaker.  I 

Section  F.— ECONOMIC  SCIENCE  AND  STATISTICS. 


The  Accaracy  and  Comparability 
of  British  and  Foreign  Statistics 
of  International  Trade. 


Chairman. — Dr.  B.  Cannan. 
Secretary. — Mr.  W.  G.  8.  Adams. 
Mr.  A.  L.  Bowley,  Professor  S.  J. 
Chapman,  and  Sir  R.  Giffen. 


Ste(3Tio!r  H.— ANTHROPOLOGY. 

To  conduct  Arcbosological  and  '  C?iairman» — Sir  John  Kvans. 
Ethnological  Researches  in  Secretary. — Mr.  J.  L.  Myres. 
Crete.  j  Mr.  R.  C.   Bosanquet,   Mr.  A.  J. 

Evans,  Mr.  D.  G.  Hogarth,  Pro- 
I      fessor  A.  Macalister,  and  Pro- 
fessor W.  Ridgeway. 


20    0  0 


100    0  0 


To  investigate  the  Lake  Village 
at  Glastonbury,  and  to  report 
on  the  best  method  of  publica- 
tion of  the  result. 


To  co-operate  with  Local  Com- 
mittees in  Excavations  on 
Roman  Sites  in  Britain. 


To  organise  Anthropometric  In- 
vestigation in  the  British  Isles. 


Chairman. — Dr.  R.  Munro. 

Secretwry,  —  Professor  W.  Boyd 
Dawkins. 

Sir  John  Evans  and  Messrs. 
Arthur  J.  Evans,  C.  H.  Read, 
H.  Balfour,  and  A.  Bulleid. 

Chairman.— 'FtoIgbbot   W.  Boyd 

Dawkins. 
Secretary. — Mr.  J.  L.  Myres. 
Sir  E.  W.  Brabrook,  Mr.  T.  Ashby, 

and  Professor  W.  Ridgeway. 


CJiairman. — Professor  D.  J.  Cun- 
ningham. 

Secretary.— yir.  J.  Gray. 

Dr.  A.  C.  Haddon,  Dr.  C.  S.  Myers, 
Mr.  J.  L.  Myres,  Professor  A.  F. 
Dixon,  Mr.  E.  N.  Fallaize,  Mr. 
RandalUMacIver,  Professor  J. 
Symington,  Dr.  Waterston,  Sir 
E.  W.  Brabrook,  Dr.T.H.  Bryce, 
Mr.  W.  H.  L.  Duckworth, 
Mr.  G.  L.  Gomme,  Major  T. 
McCuUoch,  Dr.  F.  C.  Shrubsall, 
Professor  G.  D.  Thane,  and  Mr. 
J.  F.  Tocher.  ^g.^.^^^  ^^ GoOglc 


40    0  0 


30    0  0 


30    0  0 


COMMITTEES  APPOINTED  BT  THE  GENERAL  COMAIITTEE. 


XCVll 


1.  Jte^Mn^  Cfrwdi  qf  Jfim^^-oontiniied, 


Bnl^ttci  for  Inyatiigfttkm  or  Psrpote 


To  conduct  Ezploiatioiis  with  the 
object  of  ascertaining  the  Age 
of  Stone  Gixclee. 


Members  o(  the  Committee 


Ckairman.—VLt.  C.  H.  Kead. 

8eeretaTy.-''Mx,  H.  Balfour. 

Sir  John  Evans,  Dr.  J.  G.  Garson, 
Mr.  A.  J.  Evans,  Dr.  R.  Monro, 
Professor  Boyd  Dawkins,  and 
Mr.  A.  L.  Lewis. 


SscnoN  L— PHYSIOLOGY. 


The  Bute  of  Solution  of  Proteids. 


Td  enable  Professor  Starling,  Pro- 
fessor Brodie,  Dr.  Hopkins,  Mr. 
Fletcher,  Mr.  Barcroft,  and 
others  to  determine  the  *  Meta- 
bolic Balance  Sheet'  of  the 
Individual  Tissues. 

The  Ductless  Ghinds. 


The   Effect    of   Climate 
Health  and  Disease. 


upon 


e5toir»MWi.--Prof essor  W.  D.  Halli- 
burton. 

Seeretary, — Professor 
mouth  Reid. 

Professor  E.  A.  Schafer. 


E.    Way- 


(TuUrman. — Professor  Gotch. 
Seereta/ry, — Mr.  J.  Barcroft 
Sir  Michael  Foster  and  Professor 
Starling. 


Chairman, — ^Professor  Schafer. 

&vf«tofy.— Professor  Swale  Vin- 
cent 

Professor  A.  B.  Macallum,  Dr. 
L.  E.  Shore  and  Mr.  J.  Barcroft. 

ChairmwiL—%\tT.  Lauder  Brunton. 

Seeretary. — Mr.  J.  Barcroft. 

Colonel  D.  Bruce,  Dr.  A.  Bucban, 
Dr.  F.  Campbell,  Sir  Kendal 
Franks,  Professor  J.  G.  McEen- 
drick.  Sir  A.  MitcheU,  Dr.  W. 
C.  F.  Murray,  Dr.  Porter,  Pro- 
fessor G.  Sims  Woodhead,  Dr. 
A.  J.  Wright,  and  the  Heads  of 
the  Tropical  Schools  of  Liver- 
pool and  London. 


Section  K.— BOTANY. 


I^  cany  ont  the  scheme  for  the 
Begiatration  of  Negatives  of 
Botanical  PhotogiaphSb 


Experimental  Studies  in  the  Phy- 
siolc^  of  Heredity. 


1905. 


Chairman.-^VioiesBOX  L.  C.  Miall. 
Secretary.— ?Tote8Bor  F.  E.  Weiss. 
Mr.  Francis  Darwin,  Dr.  W.  G. 

Smith,  Mr.  A.  G.  Tansley,  and 

Professor  R.  H.  Yapp. 

Chairman,— FiotessorK,  Marshall 
Ward. 

Secretary.— Ut.  H.  Wager. 

Mr.  Francis  Darwin  and  Pro- 
fessor J.  B.  Farmer.    ^^   .    ^  u 

^^^^  Digitized  by 


Grants 


Balance 
in  hand. 


20    0  0 


20    9  0 
and  unex- 
pended 
balance. 


10    0  0 


20    0  0 


8    0  0 


80    0  0 


(Google 
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REPORT— 1905. 
1.  BM0inng  Ora/iiU  0/ Mtmef-^iiontbmbd. 


Qnbjeot  for  Inyestigation  or  Paxpose 


The  Structure  of  FobbU  Plants. 


Research  on  South  African  Cy- 
cads. 


The  Peat  Moss  Deposits  in  the 
Cross  Fell,  Caithness,  and  Isle 
of  Man  Districts. 


Members  of  the  Oommittee 


Grants 


Chainitan.~-VT.  D.  H.  Scott. 
,SfeorBtory.— Professor  F.W.  Olivw 
Messrs.  E.  Newell  Arber  and  A.  C. 

Seward   and    Professor  F.  E. 

Weiss. 


ChairmoH. — Mr.  A.  G.  Seward. 
&tfrrt<wy.— Mr.  B.  P.  Gregoiy. 
Dr.  D.  H.  Scott  and  Dr.  W.  H. 
Lang. 


^^imtafk— Prof essor  R.  J.Harrey 

Gibson. 
Secretary. — Professor  R.  H.  Tapp. 
Professor  J.  R.  Green  and  Mr. 

Clement  Reid. 


Section  L.— EDUCATIONAL  SCIENCE. 


To  report  upon  the  Course  of  Ex- 
perimental, Observational,  and 
Practical  Studies  most  suitable 
for  Elementary  Schools. 


The  Conditions  of  Health  essen- 
tial to  the  carrying  on  of  the 
work  of  instruction  in  schools. 


To  consider  and  report  upon  the 
Influence  exercised  by  Uniyer- 
sities  and  Examining  Bodies  on 
secondary  school  curricula,  and 
also  of  the  schools  on  university 
requirements. 


£ 
20 


Chaimuuii. — Sir  Philip  Magnus. 

Secretary.—IAT.  W.  M.  Heller. 

Sh:  W.  de  W.  Abney,  Mr.  R.  H. 
Adie,  Professor  H.  E.  Arm- 
strong, Miss  A.  J.  Cooper,  Miss 
L.  J.  Clarke,  Mr.  George  Flet* 
Cher,  Professor  R.  A.  Gregory, 
Principal  Griffiths,  Mr.  A.  D. 
Hall,  Dr.  A.  J.  Herbertson,  Dr. 
C.  W.  Kimmins,  Professor  J. 
Perry,  Mrs.  W.  N.  Shaw,  Pro- 
fessor A.  Smithells,  Dr.  Lloyd 
Snape,  Principal  Reichel,  Mr.  H. 
Richardson,  Mr.  Harold  Wager, 
Miss  Edna  Walter,  and  Profes- 
sor W.  W.  Watts. 


Chairman.— FioteaaoT  Sherrington. 
Secretary.^Ux,  E.  White  Wallis. 
Sir  E.  W.  Brabrook,  Dr.   C.  W. 

Kimmins,  Professor  L.  C.  Miall, 

and  Miss  Maitland. 


Chairman,^T>T,  H.  E.  Armstrong. 
Secretary, — Mr.  R.  A.  Gregory. 
The  Bishop  of  Hereford,  Sir  Michael 

Foster,  Sir  P.  Magnus,  Sir  A.  W. 

Backer,  Sir  O.  J.  Lodge,  Mr.  H.W. 

Eve,  Mr.  W.  A.  Shenstone,  Mr. 

W.  D.  Eggar,  Professor  Marshall 

Ward,  Mr.  F.  H.  Neville,  Mrs. 

W.  N.  Shaw,  and  Dr.  C.  W. 

Kimmins. 


00 


50    00 


25    0  0 


20    0  0 


2    00 


5    00 
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OomilTTBeS  APFOHmSD  BT  tHS  OBMERAL  OOMMriTEfi.  xdt 

1.  BeceMng  6hranU  of  Mone^—oontmaed, 


Members  o!  the  Oommiitee 

Grants 

CORRESPONDING  SOCIETIES. 

£     B.d. 

Ooimponding    Societies     Oom- 

25    0  0 

mittae  for  the  preparation  of 

8tforetarv,--UT.  F.  W.  Rndler. 

their  Beport. 

Bev.   J.    0.    Bevan,   Dr.    H.   T. 
Browiu  Dr.  Vaiu^ian  Ck)nii8h, 
Dr.  J.  G.  Garson,  Principal  B.  H. 

Oriifiths,  Mr.  T.  V.  Holmes,  Mr. 

J.  Hopkinson,  Professor  B.  Mel- 

dola.  Dr.  H.  R.  MiU,  Mr.  0.  H. 

Bead,  Bev.  T.  B.  B.  Stebbing. 

Prof.  W.  W.  Watts,  and  the 

General  Officers  of  the  Associa- 

tion. 

2.  Not  receiving  Orants  of  Money. 


Sabjeet  for  luTestigaUoo  or  Pnipose 


Members  of  the  Committee 


Sbctiox  a.— mathematics  AND  PHYSICS. 


To  co*operate  with  the  Scottish  Meteoro- 
logical Sociely  in  making  Meteoro* 
logical  Obseryations  on  Ben  Keyis. 


Hie  Bate  of  Increase  of  Underground 
Temperature  downwards  in  various 
Localities  of  Dry  Land  and  under 
Water. 


The  Oonsideration  of  the  Teaching  of 
Elementary  Mechanics,  and  the  Im- 
provement which  might  be  effected 
in  such  Teaching. 


Chaimusn,-^ljord  McLaren. 
Seeretary. — Professor  Cmm  Brown. 
Sir  John  Murray,  Dr.  A.  Buchan,  Pro- 
fessor B.  Copeland,  and  Mr.  Omond. 


Cfkairman  and  Seeretary. — ^Professor 
H.  L.  Callendar. 

Lord  Kelvin,  Sir  Archibald  Geikie,  Pro- 
fessor Edward  Hull,  Professor  A.  8. 
Herschel,  Professor  G.  A.  Lebour,  Dr. 
C.  H.  Lees,  Mr.  A.  B.  Wynne,  Mr.  W. 
Galloway,  Mr.  Joseph  Dickinson,  Mr. 
G.  F.  Deacon,  Mr.  Edward  Wethe- 
red,  Mr.  A.  Strahan,  Professor  Michie 
Smith,  and  Mr.  B.  H.  Brough. 


Chairman. — ^Professor  Horace  Lamb. 

tSeeretary, — ^Professor  J.  Perry. 

!Mr.  0.  Vernon  Boys,  Professors  Chrystal, 
Swing,  G.  A.  Gibson,  and  Greenhill, 
Principal  Griffiths,  Professor  Henrici,. 
Dr.  E.  W.  Hobson,  Mr.  C.  S.  Jackson, 
Sir  Oliver  Lodge,  Professots  Love, 
Minohin,  and  Sdiuster,  and  Mr,  A. 
W.  Siddons.  .  ^ 

f  2 


Subjflol  for  InTesiigatioQ  or  Pnrpoie 


To  oo-opeimte  with  the  Royal  Meteoro- 
logical Society  ia  the  Investiga- 
tion of  the  Upper  Atmosphere  by 
means  of  Kites. 


That  Miss  Hardc^stle  be  reqawted  to 
continue  her  Report  on  the  present 
state  of  the  Theory  of  Foint-groaps. 


Members  of  the  Committee 


Chairman,-^Dr,  W.  N.  Shaw. 

SecreUny.-^UT,  W.  H.  Dines. 

Mr.  D.  Archibald*  Mr.  0.  Vernon  Boys, 
Dr.  A.  Bnchan,  Dr.  R.  T.  Olaxebrook, 
Dr.  H.  R.  Mill,  Dr.  A.  Schuster,  and 
Dr.  W.  Watson. 


Section  B.— CHEMISTRY. 


Isomeric  Naphthalene  DeriTatives. 


Ihe  Study  of  Isomorphous  Sulphonic 
Derivatives  of  Benzene. 


Dynamic  Isomerism. 


^^Iffirsum.— Professor  W.  A.  lllden. 
Seoretary.'-VroteBBOT  H.  B.  ArmstroDg, 

6^tniia».'>Profe8sor  H.  A.  Miers. 
Seoretarw. — Professor  H.  B.  Armstrong. 
Dr.  W.  P.  Wynne  and  Professor  W.  J. 
Pope. 

Chairfium, — Professor  H.  B.  Armstrong. 
Secretary.^Dt,  T.  M.  Lowry. 
Professor  Sydney  Young,  Dr.  J.  J.  Dobbie, 
Dr.  A.  Lapworth,  and  Dr.  M.  O.  Forster. 


Section  C— GEOLOGY. 


The.CoUecldon,  Preservation,  and  Sys- 
tematic Registration  of  Photographs 
of  Ge<dogical  Interost. 


To  record  and  determine  the  Bzaet 
Significance  of  Local  Terms  applied 
in  the  British  Isles  to  Topographical 
and  Qeological  Objects. 


To  enable  Mr.  T.  Leslie  to  contime  Mtf 
lesearohes  into  the  Fossil  ¥lQia  el 
'    theTransvaaL 


Chairman.-'Vtoiemot  J.  Geikie. 

Seoretary.—VTotenoT  W.  W.  Watts. 

Dr.  T.  G.  Bonn^,  Dr.  T.  Andeiaon, 
Professors  B.  J.  Garwood  and  8.  H. 
Reynolds,  and  Messrs.  A.  S.  Reid,  W. 
Gray,  H.  B.  Woodward,  R,  Kidston, 
J.  J.  H.  Teall,  J.  G.  QoodchUd»  H. 
Ooates,  C.  V.  Crook,  G.  Bingiey, 
R.  Welch,  and  W.  J.  Hairison. 

6%air«faii.'-Mr.  Douglas  W.  Freshfield. 

Storetary, — Mr.  W.  G.  Feamsides. 

Lord  Avcbury,  Mr.  C.  T.  Olough,  Pro- 
fessor E.  J.  Garwood,  Mr.  E.  Heawood, 
Dr.  A.  J.  Herbertson,  CoL  D.  A.  John- 
ston, Mr.  O.  T.  Jones,  Dr.  J.  S.  Keltie, 
Mr.  G.  W.  Lamplugh,  Mr.  H.  J.  Mao- 
kinder,  Dr.  B.  J.  Marr,  Dr.  H.  R.  Mill, 
Mr.  H.  Yule  Oldham,  Dr.  B.  N.Peach, 
Professor  W.  W.  Watts,  and  Mr.  H.  B. 
Woodward. 

6^irsuMi.~Profee8or  J.  W.  Gregory. 
Acrtftory.— Mr.  A  O.Seward.  ^ 
Mr.  T.  N.  Leslie.  ^g^^ 


COMMITTEES  APPOINTED  BT  THE  GENERAL  COMMITTEE. 
2.  Noft  T&eeiving  €hwU$  »/ Money — oontinned. 
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Sobjeet  for  Invostigation  or  Puipoae 


Memben  of  theCommittoe 


Sbotion  D.— zoology. 


To  continue  the  Inyestigation  of  the 
Zoology  of  the  Sandwich  Islands, 
with  |)ower  to  co-operate  wit}i  the 
Committee  appointed  for  the  purpose 
by  the  Royal  Society,  and  to  avail 
themeelyesof  such  assistance  in  their 
investigations  as  may  be  offered  by 
the  Hawaiian  Government  or  the 
Trustees  of  the  Museum  at  Honolulu. 
The  Committee  to  have  power  to  dis- 
pose of  specimens  where  advisable. 

To  oonduct  an  Investigation  into  the 
Madteporaria  of  the  Bermuda  Islands. 


To  summon  meetings  in,LondoD  or  else- 
where for  the  consideration  of  mat- 
ters  aifecting  the  interests  of  Zoology 
or  Zoologists,  and  to  obtain  by  cor- 
respondence  the  opinion  of  Zoologists 
on  matters  of  a  similar  kind,  with 
power  to  raise  by  subscription  from 
eadi  Zoologist  a  sum  of  money  for 
defraying  current  expenses  of  the 
Organisation. 

To  inquire  into  the  probability  of  Anhf* 
iMUma  becoming  a  permanent  in- 
habitant of  our  coal  mines  in  the 
event  of  its  introduction,  with  power 
to  issue  an  interim  report. 

To  enable  Miss  Igema  Sollas,  of  Newn- 
ham  College,  Cambridge,  to  study 
'  certain  points  in  the  development  of 
Ophiusoids,  and  to  enable  other  com- 
petent naturalists  to  perforin  definite 
pieces  of  work  at  the  Marine  Labora- 
tory^ Plymouth,  r 

To  enable  Dr.  H.  W.  Marett  llms  to 
oonduct  experiments  with  regard  to 
the  effect  of  the  Sera  and  Antisera 
on  the  Development  of  the  Sexual 
Cells. 


Ckairnum. — Professor  A.  Newton. 
Secreta/ry. — Dr.  David  Sharp.  • 
Dr.  W.  T.  BlanfOTd,  Professor    S.    . 
Hickson,  Dr.   P.  L.    Sclater,  Mr.   F.  I 
Du  Cane    Godman,  and  Mr.    Edgar 
A.  Smith. 


Chairman, — Professor  S.  J.  Hickson.' 

8eoretary,—'Dt,  W.  B.  Hoyle. 

Dr.  F.  F.  Blackman,  Mr.  J.  8.  Gardiner, 

Professor  W.  A.  Herdman,  Mr.  A.  C. 

Seward,  Professor  C.  S.  Sherrington, 

and  Mr.  A.  G.  Tansley. 

Chairman. — Professor  E.  Ray  Lankester. 

Secretary. — Professor  S.  J.  Hickson. 

Professors  T.  W.  Bridge,  J.Cossar  Bwart, 
M.  Hartog,  W.  A.  Herdman,  and  J. 
Graham  Kerr,  Mr.  O.  H.  Latter,  Pro- 
fessor MinchUi,  Dr.  P.  C.  Mitchell, 
Professor  C.  Lloyd  Morgan,  Profestor 
E.  B.  PoultOD,  Mr.  A.  Sedgwick,  Mr. 
A.  E.  Shipley,  and  Rev.  T.  R.  R.  Steb- 


Chairma/n.-^'ULt.  A.  E.  Shipley. 
Steeretary.—UT.  G.  P.  Bidder. 
Mr.  G.  H.  F.  NuttaU. 


Chairma>n  and  Secretary. — Mr.  W.  Grar- 
stang. 

Professor  E.  Ray  Lankester,  Mr.  A.  Sedg- 
wick, Professor  Sydney  H.  Vines,  and 
Professor  W.  F.  R.  Weldon. 


CkaiTma/n.—^T.  G.  H.  F.  NuttaU. 
Secretary.— 'Dr.  H.  W.  Marett  Tfms. 
Mr.  J.  Stanley  Gardiner. 


Section  R— GEOGRAPHY. 


The  continued  Investigation  of  the 
Oscillatiotis  of  the  Level  of  the  Land 
in  ^6  Meditercanean  Basin. 


Chairman. — Mr.  D.  G.  Hogarth. 
Seeretary.^^t.  R.  T.  Gdnther. 
Drs.  T.  G.  Bonney,  F.  H.  GuiUemard, 
J.  8.  Keltie,  and  H.  B.  Mill. 


ca 
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Sabjeoi  for  Investigation  or  PnrpoBe 


Members  of  the  Committee 


To  carry  on  an  Expedition  to  invegtl- 
gate  the  Indian  Ooean  between  India 
and  Sonth  Africa  in  view  of  a  pos- 
sible land  connection,  to  examine  the 
deep  snbmerged  banks,  the  Nasareth 
and  Baza  de  Malha,  and  also  the  dis- 
tribation  of  Marine  Animals. 


Chairman, — Sir  John  Murray. 

Seeretary. — Mr.  J.  Stanley  Qazdiner. 

Dr.  W.  T.  Blandford,  Captain  E.  W. 
Creak,  Professors  W.  A.  Herdman, 
8.  J.  Hickson,  and  J.  W.  Jndd,  Mr. 
J.  J.  Lister,  and  Dr.  H.  B.  Mill. 


Section  G.— ENGINEERING. 


To  inyestigate  the  Resistance  of  Boad 
Vehicles  to  Traction. 


To  conrider  the  Incidence  of  the  Patent 
and  Design  Laws  upon  the  National 
Development  of  the  Practical  Appli- 
cations of  Science. 


Chaimum,'-Bir  J.  I.  Thomycroft 

Seeretarff. — Mr.  A.  Mallock. 

Mr.  T.  Aitken,  Mr.  T.  C.  Avaling,  Fk>- 
fessor  T.  Hudson  Beare,  Mr.  W.  W. 
Beanmont,  Mr.  J.  Brown,  Colonel  B.  E. 
Crompton,  Mr.  B.  J.  Diplock,  Pro- 
fessor J.  Perry,  Sir  D.  Salomons,  Mr. 
A.  B.  Sennett,  Mr.E.  Shrapnell  Smith, 
and  Professor  W.  C.  Unwin. 


Chairmath,—B\i  W.  H.  Preece. 

Seoretary,-^Qii  H.  Tnieman  Wood. 

Mr.  C.  D.  Abel,  Mr.  Dagald  Clerk,  Dr. 
B.  T.  Glazebrook,  Mn  B.  A.  Hadaeld, 
Hon.  C.  A.  Parsons,  and  Mr.  A.  Sie- 
mens. 


Sbction  H.— anthropology. 


The  Collection,  Preservation,  and  Sys- 
tematic Begistration  of  Photographs 
of  Anthropological  Interest. 


To  consider  what  steps  may  be  taken  to 
organise  Anthropological  Teaching 
and  Besearch  in  the  British  Empire. 


To  conduct  Anthropometric  Investi- 
gations among  the  Native  Troops  of 
the  ESTptian  Army, 


dhairman.—MT,  C.  H.  Bead. 

Seereta/rjf.—^T.  H.  S.  Kingsford. 

Dr.  J.O.Gar8on,Mr.  H.  Ling  Both,  Mr.  H. 

Balfour,  Dr.  A.  C.  Haddon,  Mr.  E.  S. 

Hartland,  Mr.  E.  Heawood,  Professor 

Flinders  Petrie,  Mr.  E.  N.  Fallaize, 

and  Mr.  J.  L.  Myres. 


^^irmofi.— Professor  E.  B.  Tylor. 

Secretary, — ^Mr.  J.  L.  Myres. 

Mr.  H.  Balfour,  Professor  D.  J.  Canning- 
ham,  Mr.  G.  L.  Gomme,  Dr.  A.  C.  Had- 
don, Professor  A.  Maoalister,  Dr.  C.  S. 
Myers,  Professor  Flinders  Petrie,  Mr. 
C.  H.  Bead,  and  Mr.  F.  W.  Budler. 


Chairman, — ^Professor  A.  MacaUster. 
Secretary,^!)!,  0,  8.  Myers. 
Sir  John  Evans  and  Professor  D.  J. 
•  OmmioglwiD.  Ogle 
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Snbjeoi  for  loTefltigation  oi  Purpose 


Memberi  of  the  Committee 


Section  L.— EDUCATIONAL  SCIENCE. 


Tbe  Training  of  Teaohen. 


CMrman.— 'The  Bishop  of  Htreford. 
Secretary, ^^T,  J.  L.  Holland. 
Professor  H.  E.  Armstrong,  Mr.  Oscar 

Browning,  Miss  A.    J.    Cooper,    Mr. 

Ernest  Gray,  and  Dr.  H.  B.  Gray. 


CommuniccUiona  ordered  to  be  printed  in  extenso. 

The  Geodetic  Survey  of  Sooth  Africa.    By  Sir  David  Gill. 

On  Slar  Streaming.     By  Professor  Kapteyu. 

The  Apioidal  Binary  Star  Systems.    By  Dr.  A.  W.  Roberts. 

Some  Recent  Developments  in  Agricultural  Science.    By  A.  D.  Hall. 

Habits  and  Pecnliarities  of  some  South  African  Ticks.    By  C.  P.  Lounsbury. 

The  lectores  of  Mr.  Lamplugh  and  Mr.  Randall-Maclver  (or  abstracts  thereof). 


Xesoliitions  re/erred  to  the  Council  for  consideration^  and  action 
if  desirable. 

That  the  Council  be  requested  to  consider  whether  it  is  desirable  that  arrange^ 
menta  should  be  made  for  the  separate  publication  of  individual  papers,  and  in 
particular  that  they  be  asked  to  consider  the  advisability  of  publishing  a  selection  of 
papers  having  special  reference  to  South  Africa. 

From  Section  A, 

0.)  The  Committee,  being  of  opinion  that  the  completion  of  the  Geodetic  Arc  from 
the  South  to  the  North  of  Africa  is  of  the  utmost  scientific  importance,  and  that  the 
establishment  of  a  Topographical  Sarvey  is  of  an  importance  that  is  at  once  scientific 
and  economic,  respectfully  request  the  Council  to  make  representations  in  such  form 
as  they  think  fit  to  uige  upon  the  British  South  African  Company  the  desirability  of 
taking  advantage  of  the  present  favourable  opportunity  for  joining  up  the  triangula- 
tion  north  and  south  of  the  Zambesi,  and  also  to  urge  upon  the  Governments  of 
the  South  African  Colonies  the  immense  practical  and  economic  importance  of  com- 
mencing the  topographical  survey. 

(ii.)  The  Committee  desire  to  draw  attention  to  the  importance  of  a  Magnetic 
BoTvey  of  South  Africa,  and  respectfully  request  the  Council  of  the  Association  to 
approach  the  Cape  Government  with  a  view  to  urging  on  them  the  great  advantages 
wmch  would  accrue  to  Science  and  to  South  Africa  if  the  Government  would  further 
support  and  assist  the  Survey  which  has  already  been  partly  made  by  Professor 
Brittle  and  Professor  Momson,  and  for  the  continuation  of  which  a  special  Com- 
mittee of  the  Association  is  being  appointed  to  co-operate  with  these  gentlemen. 

From  Section  S, 

(i.)  That  it  is  desirable  that  the  Governments  of  the  South  African  Colonies  be 
urged  to  take  all  necessary  steps  to  collect,  record,  and  preserve  the  knowledge  and 
obeervatioDS  of  men,  such  as  missionaries,  administrators,  and  others,  who  were 
living  in  intimate  relations  with  the  native  tribes  before  the  advance  of  civilisation 
b^gan  to  Dbscnie  and  even  obliterate  all  true  traditional  ^ostopis,  ao4  habit^  of  t^e 
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Sooth  African  peoples ;  such  steps  to  be  taken  witbont  delay,  especiallj  in  view  of 
the  old  age  and  growing  infirmities  of  most  of  the  men  referred  to*  and  of  the 
danger  that  with  their  deaths  the  knowledge,  which  if  caiefoUy  veoorded  and  prs- 
served  would  form  a  most  Taloable  contribntion  towards  the  historj  of  the  abori- 
ginal popnlaiion.  would  be  irrevocably  lost ;  and  that  the  Council  be  recommended 
to  communicate  with  the  Sonth  African  Association  and  snggest  the  ^ypointment  of 
m  Conmiittee  to  deal  with  the  matter. 

(ii)  That,  owing  to  the  nee  by  different  writer*  and  Goyeniment  antborities  of 
Tarions  names  for  the  same  groaps  of  Soath  African  natives,  mach  confusion  and 
difHcnlty  have  arisen  in  anthn^logical  and  historical  litefatore;  that  it  is  con- 
sequently desirable  that  Government  authorities  and  others  should  confer  as  to  the 
proper  nomenclature  of  such  groups  (clans,  tribes,  and  nations),  with  a  view  to  ascer- 
taining their  interrelationships,  and  to  suggesting  the  most  i^^oopriate  name  for 
each  group,  and  the  best  method  of  spelling  that  name  phonetiodly ;  and  that 
tlie  Council  be  recommended  to  communicate  with  the  Sonth  African  Association 
and  take  such  olher  steps  as  may  conduce  to  this  object. 

(iiL>  That  the  Committee  are  of  opinion  that  it  would  condnoe  to  the  greater 
efficiency  of  officers  who  have  to  administer  native  affairs,  and  contribute  to  the 
advancement  of  anthropological  science,  as  well  as  prove  of  considerable  advan- 
tage to  the  well-being  of  the  natives  themselves,  if  opportunity  could  be  given  to 
such  officers  before  or  after  their  appointment  to  study  comparative  ethnology 
for  at  least  two  terms  in  one  of  the  Universities  of  the  United  Kingdom  which  pre- 
sents facilities  for  the  study;  and  that  in  the  case  of  junior  officers  already  on 
active  service  such  a  course  of  study  would  facilitate  their  comprehension  of  native 
institutions  and  ideas  and  help  to  render  their  services  more  efficient ;  another  Com- 
mittee recommends  the  Council  to  take  steps  for  the  purpose  of  bringing  this  matter 
before  the  proper  authorities. 
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SYNOPSIS  OF  GRANTS  OF  MONEY.  cV 

Synopsis  of  Qrcunis  of  Money  appropriated  to  Sdeniijic  Purposes  by  the 
Oenerai  CoTnmittee  ai  the  South  Africa  Meeting^  August  and  Sepiem' 
bar  1905.  The  Names  of  the  Members  entitled  to  caU  on  the  Oenerai 
Treasurer  for  the  respective  Grants  are  prefixed, 

MaihemoHcal  and  Physical  Science. 

£  s.  d. 
*tUyleigh,    Lord — Electrical    Standards     (and    unexpended 

balance)    25  0  0 

* Jadd,  Professor  J.  W. — Seismological  Observations 40  0  0 

•Preece,  Sir  W.  H.— Magnetic  Observations  at  Falmouth     ...     50  0  0 

Gfll,  Sir  D.— Magnetic  Survey  of  South  Africa    100  0  0 

Chemistry. 

*BoBooe,  Sir  H.  E.— Wave-length  Tables  of  Spectra 5     0    0 

•Divers,  Professor  E. — Study  of  Hydro- Aromatic  Substances     25    0    0 
•Kipping,  Professor  F.  S.  — Aromatic  Nitramines 10    0     0 

Geology, 

•Marr,  Dr.  J.  E. — Erratic  Blocks  (unexpended  balance)    ...  — 

*Marr,  Dr.  J.  E. — Life-zones  in  British  Carboniferous  Rocks 

(unexpended  balance) — 

•Heraman,  Professor  W.  A. — Fauna  and  Flora  of  British  Trias 

(and  unexpended  balance) 7    8  11 

*Lamplttgh,  G.  W. — Fossiliferous  Drift  Deposits  (balance  in 

Harker,  Dr.  A.— The  Crystalline  Rocks  of  Anglesey 30    0    0 

"Gregory,  Professor  J.  W. — Faunal  Succession  in  the  Carbon- 
Serous  Limestone  of  the  South-west  of  England    15    0    0 

Gregory,  Professor  J.  W. — ^The  Correlation  and  Age  of  South 

African  Strata,  Ac 10    0     0 

Zoology, 

*Hickson,  Professor  S.  J. — ^Table  at  the  Zoological  Station  at 

Naples  100  0  0 

•Woodward,  Dr.  H.— Index  Animalium 75  0  0 

•WeMon,  Prpfe8^or— Development  of  the  Frog ^  10  0  0 

•Hickson,  Professor  S.  J. — Higher  Crustacea '  15  0  0 

Boulenger,  O.  A. — ^Freshwater  Fishes  of  South  Africa    50  0  0 

Geography, 
Murray,  Sir  J. — Rainfall  and  Lake  and  River  Discharge    ...     10    0    0 

Economic  Science  a/nd  Statistics. 

•Cannan,  Dr.  E. — British  and  Foreign  Statistics  of  Interna- 
tional Trade • 20    0    0 

parried  forward    ?•••••••• •••••• .i^597    8  11 

•  Beappointed.  Digitized  by  VjOOQI^ 
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£        8.    d. 

Brought  forward    597    8  11 

Anthropology, 

•Evans,  Sir  J.— Excavations  in  Crete 100    0    0 

•Munro,  Dr.  R.— Lake  Village  at  Glastonbury  40    0     0 

•Dawkins,  Professor  W.  Boyd. — Excavations  on  Roman  Sites 

in  Britain 30    0    0 

•Gunninghatn,  Professor  D.  J. — Anthropometric  Investigation 

in  the  British  Isles 30    0    0 

*Reid,  0.  H. — ^Age  of  Stone  Circles  (balance  in  hand)  — 

Physiology. 

•Halliburton,  Professor  W.  D.— The  State  of  Solution  of 

Proteids    20    0    0 

•Gk>tch,   Professor — Metabolism  of  Individual  Tissues  (and 

unexpended  balance) 20    0    0 

♦Schafer,  Professor— The  Ductless  Glands  10     0     0 

Brnnton,  Sir  Lauder. — The  Etfect  of  Climate  upon  Health 

and  Disease 20    0    0 

Botany. 

•Miall,  Professor — Botanical  Photographs  (and  unexpended 

balance)    3  0  0 

•Ward,  Professor  H.  Marshall— The  Physiology  of  Heredity  30  0  0 
♦Scott,  Dr.  D.  H.— The  Structure  of  Fossil  Plants  (and  un- 
expended balance)  20  0  0 

Seward,  A.  C— Research  on  South  African  Cycades 50  0  0 

Gibson,  Professor  Harvey. — Peat  Moss  Deposits 25  0  0 

Educational  Science. 

•Magnus,  Sir  P. — Studies  suitable  for  Elementary  Schools  ...     20    0    0 
•Sherrington,  Professor. — Health  in  relation  to  School  In- 
struction        2     0    0 

•Armstrong,  Professor  H.  E. — Universities  and  School  Curri- 
cula         5    0    0 

Correeponding  Societies  Committee. 
•Whitaker,  W.— Preparing  Report,  &c 25    0    0 

£1,047     8~lT 
*  Reappointed. 


The  Annual  Meeting  in  1906. 

The  Annual  Meeting  of  the  Association  in   1906  will  be  held  at 
York,  commencing  August  1. 

The  Annual  Meeting  in  1907. 
The  Annual  Meeting  of  the  Association  in  1907  will  be  held  at 
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General  Statement  of  Sums  which  have  been  paid  on  account  of 
Ora/ntafor  Scientijic  Purposes. 


1834. 


Tide  DiACDSsioiis 


1835. 

Tide  DiflcuflBlone 

British  Fossil  Ichthyology 


..    62    0    0 

..  105    0    0 

±167    0    0 


1836. 

Tide  DiseofBions    163  0    0 

British  Fossil  Ichthyology  ...  105  0    0 
Thermometric    Observations, 

ke.    50  0    0 

Bzperiments    on    Long-oon- 

tlnnedHeat   17  1 

Rsin-ganges  9  13 

Be£rBction  Experiments  15  0 

Lunar  Kntation 60  0 

ThermometeiB   15  6 


1838. 

Tide  Dlflooisions 29 

British  Fossil  Fishes 100 

Meteorological    Obsezrations 
and  Anemometer  (ooostrao- 

ti<m)    100 

Out  Iron  (Stzength  of )    60 

Animal  and  Vegetable  Sub- 
stances (Presenration  of) .. .    19 

Bsilway  Constants    41 

~  60 

76 

3 

50 

5 

267 

100 

31 


£435    0    0 


1837. 

Tide  Discnssions   284    1  0 

Chemical  Constants 24  18  6 

Lonar  Nutation 70    0  0 

Obsenrations  on  Waves    100  12  0 

Tides  at  Bristol 150    0  0 

Meteorology  and    Subterra- 
nean Temperature 93    3  0 

Titrifioation  Experiments    ...  150    0  0 

Heart  Experiments  8    4  6 

Barometric  Observations 30    d  0 

Barometers 11  18  6 

£922  12  6 


Bristol  Tides . 

Growth  of  Plants 

MndinBiveiB   

Kdneat&on  Committee 
Heart  Experiments  ... 
Land  and  Sea  Level ... 


0    0 
0    0 


0    0 

0  0 

1  10 
12  10 

0    0 


Meteof<(dogical  Committee 


£932 


2    2 


1839. 

Fossil  Ichthyology 

Meteorological  Observations 
at  Plymouth,  Sec 

Mechanism  of  Waves 

Bristol  Tides 

Meteorology  and  Subterra- 
nean Temperature 

Vitrification  Experiments   ... 

Cast-iron  Experiments 

Railway  Constants 

Land  and  Sea  Level 

Steam- vessels*  Engines    

Stars  in  Hlstoire  Celeste 

Stars  in  Lacaille  

Stars  in  B.A.S.  Catalogue    ... 

Animal  Secretions 

Steam  Engines  in  Cornwall... 

Atmospheric  Air 

Cast  and  Wrought  Iron 

Heat  on  Organic  Bodies  

Gases  on  Solar  Spectrum 

Hourly  Meteorological  Ob- 
servations, Inverness  and 
Kingussie   

Fossil  Reptiles  

Mining  Statistics  


£  9. 

d. 

no  0 

0 

63  10 

0 

144  2 

0 

35  18 

6 

21  11 

0 

9  4 

0 

103  0 

7 

28  7 

0 

274  1 

2 

100  0 

4 

171  18 

0 

11  0 

6 

166  16 

0 

10  10 

6 

50  0 

0 

16  1 

0 

40  0 

0 

3  0 

0 

22  0 

0 

49  7 

118  2 

9 

50  0 

0 

£1595  11    0 


1840. 

Bristol  Tides 

Subterranean  Temperature ... 

Heart  Experiments 

Lungs  Experiments 

Tide  Discussions 

Land  and  Sea  Level 

Stars  (Hlstoire  C61este)  

Stars  (Laciulle) 

Stars  (Catalogue) 

Atmospheric  Air 

Water  on  Iron    

Heat  on  Organic  Bodies  

Meteorological  Observations . 

Foreign  Scientific  Memoirs... 

Working  Population 

School  Statistics 

Forms  of  Vessels  

Chemical  and  Electrical  Phe- 
nomena    

Meteorological  Observations 
at  Plymouth 

Magnetical  Observations 


100  0 

0 

13  13 

6 

18  19 

0 

8  13 

0 

50  0 

0 

6  11 

1 

242  10 

0 

4  15 

0 

264  0 

0 

15  15 

0 

10  0 

0 

7  0 

0 

62  17 

6 

112  1 

6 

100  0 

0 

60  0 

0 

184  7 

0 

40  0 

0 

80    0    0 
185  13    9 


£1546  16    4 

Digitized  bfBBBBaK^MC 


cviii 


REPORT— 1905. 


1841. 

£    9,  d. 

Obserrations  on  Waves    30    0  0 

Meteorology   and     Subterra- 
nean Tcmperatore 8    8  0 

Actinometers 10    0  0 

Earthquake  Shocks  17    7  0 

Acrid  Poisons 6    0  0 

Veins  and  Absorbents  3    0  0 

Mud  in  Rivers   5    0  0 

Marine  Zoology 15  12  8 

Skeleton  Maps   20    0  0 

Mountain  Barometers  6  18  6 

Stars  (Histoire  Celeste)    185    0  0 

Stars  (Lacaille) 79    5  0 

Stars  (Nomenclature  of) 17  19  6 

Stars  (Catalogue  of) 40    0  0 

Water onlron    50    0  0 

Meteorological   Observations 

at  Inverness  20    0  0 

Meteorological    Observations 

(reduction  of )    25    0  0 

Fossil  Reptiles  60    0  0 

Foreign  Memoirs 62    0  6 

Railway  Sections 38     1  0 

Forms  of  Vessels  193  12  0 

Meteorological    Observations 

at  Plymouth   55    0  0 

Magnetical  Observations 61  18  8 

Fishes  of  the  Old  Red  Sand- 
stone      100    0  0 

Tides  at  Leith    60    0  0 

Anemometer  at  Edinburgh...  69    110 

Tabulating  Observations ......  9    6  3 

•  Races  of  Men.. 6    0  0 

Radiate  Animals  .  2    0  0 

:gl2S5  10  11 


1842. 
pynamometric  Instruments. .  113 

Anoplura  Brltannise 52 

Tides  at  Bristol 69 

Gases  on  Light 30 

.  Chronometers 26 

Marine  Zoology 1 

British  Fossil  Mammalia 100 

Statistics  of  Education 20 

Marine    Steam-vessels'    En- 

.     gines    28 

Stats  (Histoire  Celeste)  59 

Stars  (Brit.  Assoc.  Cat.  of)  ...  110 

Railway  Sections  161 

British  Belemnites    .^ 50 

Fossil    Reptiles  (publication 

of  Report)  j. 210 

Forms  of  Vessels  ;......;..  180 

(Galvanic     Experiments     on 

Rocks 5 

Meteorological     Experiments 

at  Plymouth  68 

Constant  Indicator  and  byna« 

mometrie  Instrnments.. 90 


11 

2 

12 

0 

8 

0 

14 

7 

17 

6 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

8 

6 

0 

0 

0 

0 

£  9.    d. 

Force  of  Wind  10  0    0 

Light  on  Growth  of  Seeds  ...      8  0    0 

Vital  Statistics  60  0    0 

Vegetative  Power  of  Seeds  ...      8  111 

Questions  on  Human  Race  ...      7  9    0 


£1449  17    IB 


1843. 

Revision  of  the  Nomenclature 
of  Stars  2    0    0 

Reduction  of  Stars,  British 
Association  Catalogue 25    0    0 

Anomalous    Tides,    Firth  of 

Forth  120    0    0 

Hourly  Meteorological  Obser* 
vations  at  Kingussie  and 
Inverness 77  12    8 

Meteorological  Observations 
at  Plymouth  65    0    0 

Whewell*s  Meteorological  Ane- 
mometer at  Plymouth 10    0    0 

Meteorological  Observations, 
Osier's  Anemometer  at  Ply- 
mouth     20    0    0 

Reduction  of  Meteorological 
Observations 30    0    0 

Meteorological  Instruments 
and  Gratuities  ^    89    6    0 

Construction  of  Anemometer 
at  Inverness 66  12    2 

Magnetic  Co-operation 10    8  10 

Meteorological  Recorder  for 
Kew  Observatory 60    0    0 

Action  of  Gases  on  Light 18  16    1 

Establishment  at  Kew  Ob* 
servatory.  Wages,  Repairs, 
Furniture,  and  Sundries  ...  133    4   ,7 

Experiments  by  CSaptive  Bal- 
loons     81    8    0 

Oxidation   of   the    Rails   of 

Railways 20    0    0 

Publication     of    Report    on 

Fossil  Reptiles  40    0    0 

Coloured  Drawings  of  Rail- 
way Sections  ^ 147  18    8 

Registration  of  Eaxthquake 
Shocks 30    0    0 

Report  on  Zoological  Nomen- 
clattire 10    0    0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester . 4    4    6 

Vegetative  Power  of  Seeds  ...      6    8    8 

Marine  Testaoea  (Habits  of) .    10    0    0 

Marine  Zoology 10    0    0 

Marine  Zoology 2  14  II 

Preparation  of  Report  on  Bit*  * 

tish  Fossil  Mammalia  100    0    0 

Physiological  Operations  of 
Medicinal  Agents 20    0    0 

Vital  Statistios -. 36    5    8 


GENBRAL  STATEBIEin*, 


Ci:^ 


£    $.   d. 

Actional  Bzperimento  on 
the  Forms  of  YeBaels 70    0    0 

Additional  Bxperiments  on 
theFonoBof  YesseU    100    0    0 

Bednction  of  Experiments  on 
the  Fonns  of  Vessels   100    0    0 

MoiinVInstrnment  and  Con- 
stant Indicator  69  11  10 

Bxperiments  on  the  Strength 

of  Materials    60    0    0 

.         £1565  10     2 

•1844. 

Heteorelogical  Observations 
.at  Kingussie  and  Inverness    12    0    0 

Complet^  Observations  at 
Plymonto 36    0    0 

ICagnetic  and  Meteorological 
Co-operation 25    8    4 

Publication  of  the  British 
Association  Catalogue  of 
Stars    36    0    0 

Observations  on  Tides  on-  the 
Bast  Coast  of  Scotland    ...  100    0    0 

Revision  of  the  Nomenclature 
of  Stars  1842      2    9    6 

Maintaining  the  Establish- 
ment at  Kew  Observa- 
tory    117  17    3 

Instruments  for  Kew  Obser- 
vatory ...; 66    7    8 

Influence  of  Light  on  Plants      10    0    0 

Subterraneous  Temperature 
in  Ireland  5    0    0 

Coloured  Drawings  of  Rail- 
way Sections 15  17    6 

investigation  of  Fossil  Fishes 
ofthe  Lower  Tertiary  Strata  100    0    0 

^^steiing    the    Shocks   of 

Earthquakes 1842    23  11  10 

Structure  of  Fossil  Shells   ...    20    0    0 

ttadiata  and  Mollusca  of  the 
^gean  and  Red  Seas  1842  100    0    0 

Geographical  Distributions  of 

Marine  Zoology 1842      0  10    0 

Marine  Zoology  of  Devon  and 
Cornwall 10    0    0 

Marine  Zoology  of  Corf  u 10    0    0 

Bxperiments  on  the  Vitality 
of  Seeds 9    0    0 

Bxperiments  on  the  Vitality 
of  Seeds.. 1842      8    7    3 

BxoHc  Anoplnra    15    0    0 

Strength  of  Materials 100    0    0 

Completing  Experiments  on 

the  Forms  of  Ships  100    0    0 

Inquiries  into  Asphyxia  10    0    0 

Investigations  on  the  Internal 

Constitution  of  Metals 50    0    0 

Constant  Indicator  and  Mo- 
rin's  Instrument   1842    10    0    0 

^     ^         '  £981  12    8 


1846. 

£    $.  d. 

Publication  of  the  British  As- 
sociation Catalogue  of  Stars  351  14    6 

Meteorological  Observations 
at  Inverness  80  18  11 

Magnetic  and  Meteorological 

(>)-operation 16  16    8 

Meteorological  Instruments 
at  Edinburgh 18  11    9 

Reduction  of  Anemometrical 
Observations  at  Plymouth    25    0    0 

Electrical  Bxperiments  at 
Kew  Observatory 43  17    8 

Maintaining  the  Establidi- 
ment  at  Kew  Observatory  149  15    0 

For  KreiPs  Barometrograph    26    0    0 

Oases  from  Iron  Furnaces...    50    0    0 

The  Actinograph 16    0    0 

Microscopic  Structure  of 
Shells  20    0    0 

Exotic  Anoplura    1843    10    0    0 

Vitality  of  Seeds  1843      2    0    7 

Vitality  of  Seeds  1844      7    0    0 

Marine  Zoology  of  Cornwall  .    10    0    0 

Physiological  Action  of  Medi- 
cines        20    0    0 

Statistics  of  Sickness  and 
MortaUty  in  York.. 20    0    6 

Earthquake  Shocks  1843    15  14    8 

£SS1    9    9 


1846. 

British  Association  Catalogue 

of  Stars  1844  211  15  0 

Fossil  Fishes  of  the  London 

Clay 100    0  0 

Computation  of  the  Gaussian 

Constants  for  1829    60    0  0 

Maintaining   the    Establish- 
ment at  Kew  Observatory  146  16  7 

Strength  of  Materials  60    0  0 

Researches  in  Asphyxia  6  16  2 

Examination  of  Fossil  Shells  10    0  0 

Vitality  of  Seeds  1844  2  15  10 

Vitality  of  Seeds  1845  7  12  8 

Marine  Zoology  of  Cornwall  10    0  0 

Marine  Zoology  of  Britain  ...  10    0  0 

Exotic  Anoplura    1844  25    0  0 

Expenses  attending  Anemo- 
meters  ^ 11     7  6 

Anemometers'  Repairs...  .....  2    3  6. 

Atmospheric  Waves 8    3  8 

Captive  Balloons  1844  8  19  8 

Varieties  of  the  Human  Race 

1844  7    6  8 
Statistics   of    Sickness   pud 

Mortality  in  York 12    0  0 

10685  16  0 

Digitized  by '  ■ 
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1847. 

£  9.  d. 

Gompaiation  of  the  GanBsian 

ConBtants  for  1829 BO  0  0 

Hiibits  of  Marine  Animals  ...    10  0  0 

Physiological  Action  of  Medi- 
cines        20  0  0 

Marine  Zoology  of  Cornwall      10  0  0 

Atmospheric  Waves 6  9  3 

Vitality  of  Seeds  4  7  7 

Maintaining   the  Establish- 
ment at  Kew  Observatory    107  8  6 
£208  5  4 

1848. 
Maintaining   the   Establish- 
ment at  Eew  Observatory    171  16  11 

Atmospheric  Waves 3  10  9 

Vitalityof  Seeds 9  16  0 

Completion  of  Catalogue  of 

Stars 70  0  0 

On  Colouring  Matters 6  0  0 

On  Growth  of  Plants 16  0  0 

£276  1  8 

1849. 

Electrical    Observations    at 

Kew  Observatory 60    0    0 

Maintaining  the    Establish- 
ment at  ditto 76    2    6 

Vitality  of  Seeds   6    8    1 

On  Growth  of  Plante    6    0    0 

Begistration    of     Periodical 
Phenomena 10    0    0 

Bill  on  Account  of   Anemo- 

metrical  Observations 13    9    0 

£159  19    6 

1860. 
Maintaining   the    Establish- 
ment at  Eew  Observatory    266  18    0 
Transit  of  Earthquake  Waves    60    0    0 

Periodical  Phenomena 16    0    0 

Meteorological    Instruments, 

Azores 25^  0    0 

£Ub  18    0 

1861. 
Maintaining    the   Establish- 
ment at  Kew  Observatory 
(includes  part  of  grant  in 

1849)    309    2    2 

Theory  of  Heat 20    1     1 

Periodical  Phenomena  of  Ani- 
mals and  Plants 6    0    0 

Vitality  of  Seeds  6    6    4 

Influence  of  Solar  Radiation      30    0    0 

Ethnological  Inquiries 12    0    0 

Researches  on  Annelida ^^__9_^ 

£391    9    7 


1862. 

£    t.  £• 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of  grant 
for  I860).. 283  17    8 

Experiments  on  the  Conduc- 
tion of  Heat 6    2    9 

Influence  of  Solar  Badiations    20    0    0 

Geological  Map  of  Ireland  ...     16    0    0 

Researches  on  the  British  An- 
nelida     10    0    0 

Vitality  of  Seeds  10    6    2 

Strength  of  BoUer  Plates 10    0    0 

£804    6    7 


1863. 
Maintaining   the    Establish- 

ment  at  Kew  Observatory     166 
Experiments  on  the  Influence 

of  Solar  Badiation    16 

Besearches   on   the    British 

Annelida 10 

0 

0 

0 

0 
0 
0 

0 
0 
0 

Dredging  on  the  East  Coast 

0 

Ethnolo&ical  Queries   6 

0 

£206 

0 

1864. 

Maintahiing  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of 
former  grant) 330  16    4 

Investigations  on  Flax 11    0    0 

Effects  of  Temperature  on 
Wrought  Iron 10    0    0 

Begistration  of  Periodical 
Phenomena 10    0    0 

British  Annelida  10    0    0 

Vitality  of  Seeds  6    2    3 

Conduction  of  Heat 4    2_0 

£880  19    7 

1866. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    426  0  0 

Earthquake  Movements  10  0  0 

Physical  Aspect  of  the  Moon      11  8  5 

Vitality  of  Seeds  10  7  11 

Map  of  the  World 16  0  0 

Ethnological  Queries 6  0  0 

Dredging  near  Belfast 4  0  0 

£480  16  4 

1866. 
Maintaining   the    Establish- 
ment   at   Kew     Observa- 
tory:— 

1854 £76    0    0\    ...    a    *. 

^866 £600    0    OJ^^^M    » 


GENERAL  STATEMElTr. 


6xi 


£  9.  d. 
StncklMod'a     Ornithological 

SyiionyiiiB  100    0  0 

Dredging      and      Dredging 

Fbrms 9  13  0 

Chemical  Action  of  Light  ...    20    0  0 

Strength  of  Iron  Plates  10    0  0 

Begifltration    of    Periodical 

Phenomena 10    0  0 

Propagation  of  Salmon 10    0  0 

£784  13  9 


1857. 

Maintaining  the   Bstablish* 
ment  at  Kew  Ohservatory    860    0    0 

Barthqnake    Wave    Bzperi* 
ments  40    0    0 

Dredging  near  Belfast 10    0    0 

Dredging  on  the  West  Goast 
of  Scotland 10    0    0 

Inveatigstions  into  the  Mol- 
loaca  of  California    10    0    0 

Kxperiments  on  Flax  5    0    0 

Natural   History   of    Mada- 
gascar     20    0    0 

Reaeacehes  on  British  Anne- 
lida      25    0    0 

Beport  on  Natural  Products 

imported  into  Liverpool  ...     10    0    0 

Artificial  Propagation  of  Sal- 
mon     10    0    0 

Temperatnre  of  Mines 7    8    0 

Thermometers  for  Subterra- 
nean Observations 6    7    4 

Life-boato  .600 

£607  15    4 


1868. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    600    0 
Barthqnake    Wave    Experi- 
ments     26    0 

Dredging  on  the  West  Coast 

of  Scotland 10    0 

Dredging  near  Dublin 6    0 

Vitality  of  Seed    6    5 

Dredging  near  Belfast 18  13 

Beport  on  the  British  Anne- 
lida     25    0 

Experiments  on  the  produc- 
tion of  Heat  by  Motion  in 

Fluids 20    0 

Beport  on  the  Natural  Pro- 
ducts imported  into  Scot- 
land     10    0 

£618  18 


1869. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    600    0    0 
Dredging  near  Dublin 16    0    0 


£  s. 

Osteology  of  Birds 60  0 

Irish  Tunicata 5  0 

Manure  Experiments 20  0 

British  MedusidsB 6  0 

Dredging  Committee    6  0 

Steam- vessels' Performance...  5  0 
Marine  Fauna  of  South  and 

West  of  Ireland 10  0 

Photographic  Chemistry  ......  10  0 

Lanarkshire  Fossils 20  0 

Balloon  Ascents 39  11 

£684  11 


1860. 
Maintaining  the    Establish- 
ment at  Kew  Observatory    600    0 

Dredging  near  Belfast 16    6 

Dredging  in  Dublin  Bay 16    0 

Inquiry  into  the  Performance 

of  Steam-vessels 124    0 

Explorations  in  the  Yellow 

Sandstone  of  Dura  Den   ...    20    0 
Chemico-mechanical  Analysis 

of  Bocks  and  Minerals 26    0 

Besearches  on  the  Orowth  of 

Plants 10    0 

Besearches  on  the  Solubility 

of  Salts  30    0 

Besearches  on  theConstituents 

of  Manures 26    0 

Balance  of  Captive  Balloon 

Accounts 1  13 

£76'6~19" 


1861. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600    0    0 

Earthquake  Experiments 26    0    0 

Dredging    North   and    East 

Coasts  of  Scotland    23    0    0 

Dredging  Committee : — 

1860 £60    0    0  \  -«    ^ 

1861 £22    0    0/  ^-^    " 

Excavations  at  Dura  Den 20    0 

SolubUity  of  Salts     20    0 

Steam- vessel  Performance   ...  150    0 

Fossils  of  Lesmahagow  15    0 

Explorations  at  tJriconium...  20    0 

Chemical  Alloys    20    0 

Classified  Index  to  the  Trans- 
actions   100    0    0 

Dredging  in  the  Mersey  and 

Dee 6    0 

Dip  Circle  30    0 

Photoheliographic     Observa- 
tions      60    0 

Prison  Diet 20    0 

Gauging  of  Water..... 10    0 

Alpine  Ascents 6 

Constituents  of  Manures 25_ 

£1111 

Digitized  byssssss 
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REPORT — 1906, 


1862. 

£  9. 
l^intaining   tlie   Establish- 
ment at  Kew  Observatory    600  0 

Patent  Laws  21  6 

MoUuscaof  K.-W.  of  America    10  0 
Natural  History  by  Mercantile 

Marine    •      6  0 

Tidal  Observations   25  0 

Photohellometer  at  Kew  ......    40  0 

Photographic  Pictures  of  the 

Bun 160  0 

Rocks  of  Donegal 25  0 

Dredging  Durham  and  North- 
umberland Coasts 25  0 

Connection  of  Storms  .........    20  0 

Dredging   North-east    Coast 

of  Scotland    .., 6  9 

Ravages  of  Teredo 3  11 

Standards  of  Electrical  Re- 
sistance     50  0 

Railway  Accidents    10  0 

Balloon  Committee 200  0 

Dredging  Dublin  Bay 10  0 

Dredging  the  Mersey  5  0 

Prison  Diet     20    0 

Gauging  of  Water 12  10 

Steamships*  Performance......  160  0 

Thermo-electric  Currents    ...      5  0 

£1293  16^ 


£  8.  d. 

Thermo-electricity   15  0    0 

Analysis  of  Rocks    8  0    0 

Hydroida. 10  0    0 

J016O8  3  10 


18G3. 
Maintaining   the    Establish- 
ment at  Kew  Observatory...  600  0  0 
Balloon  Committee  deficiency    70  0  0 
Balloon   Ascents   (other  ex- 
penses)        25  0  0 

EntoEoa  25  0  0 

Coal  Fossils    20  0  0 

Herrings 20  0  0 

Granites  of  Donegal 5  0  0 

Prison  Diet    20  0  0 

Vertical  Atmospheric  Move- 
ments      13  0  0 

Dredging  Shetland  50  0  0 

Dredging  North-east  Coast  of 

Scotland 25  0  0 

Dredging      Northumberland 

and  Durham  17  3  10 

Dredging  Committee  superin- 
tendence          10  0  0 

Steamship  Performance  ......  100  0  0 

Balloon  Committee  200  0  0 

Carbon  under  pressure 10  0  0 

Volcanic  Temperature 100  0  0 

Bromide  of  Ammonium  8  0  0 

Electrical  Standards 100  0  0 

Electrical  Construction    and 

Distribution  40  0  0 

Luminous  Meteors 17  0  0 

Kew  Additional  Buildings  for 

Photoheliograph    , 100  0  0 


1864. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600    0    0 

Coal  Fossils    20    0    0 

Vertical  Atmospheric  Move- 
ments     20 

Dredging,  Shetland 75 

Dredging,  Northumberland...    25 

Balloon  Committee  200 

Carbon  under  pressure     10 

Standards    of    Electric    Re- 
sistance   100 

Analysis  of  Rocks 10 

Hydroida 10 

Askham'sGift    50 

Nitrite  of  Amyle 10 

Nomenclature  Committee  .«•      5 

Rain-gauges 19 

Ca«t-iron  Investigation 20 

Tidal   Observations    in   the 

Humber 50 

Spectral  Rays 45 

Luminous  Meteors    ,^. 20 

£1289  15    8 


1866. 
Maintaining   the    Establish- 
ment at  Kew  Observatory..  600 

Balloon  Committee  100 

Hydroida.. 13 

Rain-gauges 30 

Tidal    Observations   in   the 

Humber 6 

Hexylic  Compounds 20 

Amyl  Compounds 20 

Irish  Flora 25 

American  MoUusca  3 

Organic  Acids 20 

Lingula  Flags  Excavation  ..•  10 

Eurypterus 50 

Electrical  Standards............  100 

Malta  Caves  Researches 30 

Oyster  Breeding    26 

Gibraltar  Caves  Researches...  160 

Kent's  Hole  Excavations 100 

Moon's  Surface  Observations  85 

Marine  Fauna 25 

Dredging  Aberdeenshire 25 

Dredging  Channel  Islands  ...  50 

Zoological  Nomenclature 5 

Resistance  of  Floating  Bodies 

in  Water 100 

Bath  Waters  Analysis  8 

Luminous  Meteors 40 

Digitized  by  VjO    "^   " 
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1866. 

£  9.  d. 

Maintaining   the    Establish- 
ment at  Kew  Observatory. .  600  0  0 

Lnnar  (Committee.. 64  13  4 

Balloon  Committee  50  0  0 

Metrical  Committee 60  0  0 

British  Bainfall 60  0  0 

Kilkenny  Coal  Fields  16  0  0 

Alom  Bay  Fossil  Leaf -bed  ...  16  0  0 

Luminous  Meteors 60  0  0 

Lingnla  Fls^^  Excavation  ...  20  0  0 
Chemical     Constitution     of 

Cast  Iron    60  0  0 

Amyl  Componnds 26  0  0   ' 

Electrical  Standards ;..  100  0  0 

Malta  Caves  Exploration 30  0  0 

Kent's  Hole  Exploration 200  0  0   | 

Marine   Famia,    &c.,    Devon 

and  Cornwall 26  0  0 

Dredging  Aberdeenshire  Coast   25  0  0 

Dredging  Hebrides  Coast    ...  50  0  0 

Dredging  the  Mersey  6  0  0 

Besistanoe  of  Floating  Bodies 

in  Water 50  0  0 

Poly  cyanides  of  Organic  Badi- 

cals 20  0  0 

Bigor  Mortis 10  0  0 

Irish  Annelida  16  0  0 

Catalogue  of  Crania..... 60  0  0 

Didine  Birds  of    Mascarene 

Islands    50  0  0 

Typical  Crania  Besearches  ...  30  0  0 

Palestine  Exploration  Fund..^l00  0  0 

£1750  13  4 


1868. 

£  9.  d. 
Maintaining   the    Establish* 

ment  at  Eew  Observatory..  600  0  0 

Lunar  Committee 120  0  0 

Metrical  Committee 60  0  0 

Zoological  Becord 100  0  0 

Kent's  Hole  Explorations    ...  150  0  0 

Steamship  Performances 100  0  0 

British  Bainfall 50  0  0 

Luminous  Meteors 60  0  0 

Organic  Acids    CO  0  0 

Fossil  Crustacea 25  0  0 

Methyl  Series 25  0  0 

Mercury  and  Bile  25  0  0 

Organic    Bemains  in  Lime- 
stone Bocks    25  0  0 

Scottish  Earthquakes  20  0  0 

Fauna,  Devon  and  Cornwall..  30  0  0 

British  Fossil  Corals    50  0  0 

Bagshot  Leaf-beds    50  0  0 

Greenland  Explorations  100  0  0 

Fossil  Flora   26  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature...  50  0  0 
Spectroscopic    Investigations 

of  Animal  Substances   ......  5  0  0 

Secondaiy  Beptiles,  &c 30  0  0 

British    Marine    Invertebrate 

Fauna 100  0  0 

i?l940  0  0 


1867. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600 
Meteorological    Instruments, 

Palestine 50 

Lnnar  Committee 120 

Metrical  Committee 30 

Kent's  Hole  Explorations    ...  100 

Palestine  Explorations 50 

Insect  Fauna,  Palestine    30 

British  Bainfall 50 

Kilkenny  Coal  Fields  25 

Alum  Bay  Fossil  Leaf -bed  ...     25 

Luminous  Meteors    50 

Bournemouth,  &c.,  Leaf-beds    30 

Dredging  Shetland  75 

Steamship  Beports  Condensa- 
tion    100 

Electrical  Standards 100 

Ethyl  and  Methyl  Series 25 

Fossil  Crustacea   25 

Sound  under  Water  24 

North  Green  laud  Fauna 75 

Do.  Plant  Beds    100 

Iron  and  Steel  Manufacture...    25 

Patent  Laws    ....*...., 30^ 

£r739 

1905, 


0    0 


1869. 

Maintaining    the     Establish- 
ment at  Kew  Observatory. .  600    0 
Lunar  Committee 60 


Metrical  Committee  25  0  0 

Zoological  Becord 100  0  0 

Committee  on  Gases  in  Deep- 
well  Water 25  0  0 

'   British  Bainfall 50  0  0 

Thermal  Conductivity  of  Iron, 

'       &c SO  0  0 

Kent's  Hole  Explorations 150  0  0 

'  Steamship  Performances  30  0  0 

Chemical      Constitution      of 

I       Cast  Iron 80  0  0 

:  Iron  and  Steel  Manufacture     100  0  0 

Methyl  Series 30  0  0 

Organic    Bemains  in    Limc- 

stoneBocks 10  0  0 

Earthquakes  in  Scotland 10  0  0 

British  Fossil  Corals    50  0  0 

Bagshot  Leaf- beds    30  0  0 

Fossil  Flora    26  ()  o 

Tidal  Observations Joo  o  0 

Underground  Temperature...     30  0  0 
Spectroscopic    Investigations 

of  Animal  Substances  6  0  0 

Organic  Acids ,^  12  Ot  0 

^iltorcftn  Fossils  .....^edh^.V^CM^glQ) 
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REPORT— 1905. 


£  9.  d. 

Chemical  Ck>nstitation  and 
Physiological  Action  Rela- 
tions         15  0  0 

Mountain  Limestone  Fossils      25  0  0 

Utilisation  of  Sewage 10  0  0 

Products  of  Digestion 10  0  0 

^1622  0  0 


£  9.  d. 

Fossil   Coral    Sections,    for 

Photographing  20  0  0 

Bagshot  Leaf -beds    20  0  0 

Moab  Explorations   100  0  0 

Qaossian  Constants 40  0  0 

£1472  2  6 


1870. 

Ifaintaining   the    Establish- 
ment at  Kew  Observatory    600  0    0 

Metrical  Committee 25  0    0 

Zoological  Record 100  0    0 

Committee  on  Marine  Fauna     20  0    0 

Bars  in  Fishes   10  0    0 

Chemical    Nature    of     Cast 

Iron 80  0    0 

Luminous  Meteors 30  0    0 

Heat  in  the  Blood 16  0    0 

British  Rainfall 100  0    0 

Thermal     Conductivity      of 

Iron,  &C. 20  0 

British  Fossil  Corals 50  0 

Eent*s  Hole  Explorations    ...  150  0 

Scottish  Earthquakes  4  0 

Bagshot  Leaf-beds    15  0 

Fossil  Flora    25  0 

Tidal  Observations 100  0 

Underground  Temperature  ,.,     50  0 

Kiltorcan  Quarries  Fossils  ...    20  0 

Mountain  Limestone  Fossils      23  0    0  | 

Utilisation  of  Sewage 50  0    0  ' 

Organic  Chemical  Compounds    30  0    0  | 

Onny  River  Sediment  3  0    0  I 

Mechanical     Equivalent    of 

Heat 50  0    0 

£1572  0    0  i 


0 
0 
0 
0 
0  ' 

J!' 

0  1 

0  I 


1872. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    300  0  0 

Metrical  Committee 75  0  0 

Zoological  Record 100  0  0 

Tidal  Committee  200  0  0 

Carboniferous  Corals   25  0  0 

Organic  Chemical  Compounds    25  0  0 

Explorationof  Moab 100  0  0 

Terato-embryological    Inqui- 
ries       10  0  0 

Kent's  Cavern  Exploration...  100  0  0 

Luminous  Meteors    20  0  0 

Heat  in  the  Blood 15  0  0 

Fossil  Crustacea   25  0  0 

Fossil  Elephants  of  Malta  ...     25  0  0 

Lunar  Objects   20  0  0 

Inverse  Wave-lengths 20  0  0 

British  Rainfall 100  0  0 

Poisonous  Substances  Anta- 
gonism      10  0  0 

Essential  Oils,  Chemical  Con- 
stitution, &c 40  0  0 

Mathematical  Tables 50  0  0 

Thermal  Conductivity  of  Me- 
tals       25  0  0 

£1285  0  0 


1871. 

Maintaining   the    Establish- 
ment at  Kew  Observatory    600 
Monthly  Reports  of  Progress 

in  Chemistry 100 

Metrical  Committee 25 

Zoological  Record 100 

Thermal  Equivalents  of  the 

Oxides  of  Chlorine   10 

Tidal  Observation     100 

Fowil  Flora   25 

Luminous  Meteors    30 

British  Fossil  Corals    25 

Heat  in  the  Blood 7 

British  Rainfall 50 

Kent's  Hole  Explorations   ...  150 

Fossil  Crustacea 25 

Methyl  Compounds 25 

Lunar  Objects 20 


0    0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  1 

2 

6  1 

0 

0 

0 

0 ; 

0 

0 

0 

0  1 

0 

0 

1873. 

Zoological  Record 100 

Chemistry  Record 200 

Tidal  Committee  400 

Sewage  Committee  100 

Kent's  Cavern  Exploration ...  150 

Carboniferous  Corals    25 

Fossil  Elephants   25 

Wave-lengths     150 

British  Rainfall 100 

Essential  Oils 30 

Mathematical  Tables    100 

Gaussian  Constants  10 

Sub-Wealden  Exploratiqps...  25 

Underground  Temperature ...  1 50 

Settle  Cave  Exploration  50 

Fossil  Flora,  Ireland 20 

Timber  Denudation  and  Rain- 
fall    20 

Luminous  Meteors 30 

£1686 
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1874. 

£  $.  d. 

Zoological  Beoord 100  0  0 

ChenujBtry  Beoord 100  0  0 

Mathematical  Tables   100  0  0 

BlUptio  Fonctions 100  0  0 

liightning  Condactors 10  0  0 

Tfaermal      Conductivity     of 

AockB  10  0  0 

Anthropological  Infltmctioiis    50  0  0 

Kent*8Cayem  Exploration...  150  0  0 

Lnminoos  Metoors    30  0  0 

Intestinal  Secretions    15  0  0 

British  Rainfall 100  0  0 

EoentialOils 10  0  0 

Snb-Wealden  Explorations...     25  0  0 

Settle  Caye  Exploration 50  0  0 

Maoritins  Meteorology    100  0  0 

Magnetisation  of  Iron 20  0  0 

Marine  Organisms 30  0  0 

Fossils,  North- West  of  Scot- 
land       2  10  0 

Physiological  Action  of  Light    20  0  0 

Trades  Unions  25  0  0 

Monntain  Limestone  GoraU       25  0  0 

Smiic  Blocks  10  0  0 

Dredging,  Durham  and  York- 
shire Coasts    28  5  0 

High  Temperature  of  Bodies     30  0  0 . 

8iemens*B  Pyrometer    3  6  0 

Labyrinthodonts     of     Coal- 

measorea 7  15  0 

£1151  16  0 

1876.         """"""^ 

Elliptic  Fnnctions 100  0  0 

Magnetisation  of  Iron  .........    20  0  0 

British  BainfaU 120  0  0 

Luninovs  Meteors    30  0  0 

Chemistry  Record 100  0  0 

Specific  Volnme  of  Liqidds...  25  0  0 
Estimation   of    Potash    and 

FhoaphoricAcid 10  0  0 

Isometric  Cresols  20  0  0 

Sub- Wealden  Explorations...  100  0  0 

Kent's  Cavern  Exploration...  100  0  0 

Settle  Caye  Exploration 50  0  0 

Barthqnakes  in  Scotland 15  0  0 

Underground  Waters   10  0  0 

Derelopment    of    Myzinoid 

Fishes 20  0  0 

Zoological  Record 100  0  0 

Instractions  for  Travellers  ...    20  0  0 

Intestinal  Secretions    20  0  0 

Palestine  Exploration 100  0  0 

jg960  0~0 

1876.  ■ 

Printing  Mathematical  Tables  159  4  2 

British  Rainfall 100  0  0 

Obm'sLaw 9  15  0 

Tide  Galcnlating  Machine  ...  200  0  0 

Specific  Tplmne  of  Li<}uids...    25  0  0 


£  #.  d. 

Isomeric  Cresols    10  0  0 

Action  of  Ethyl  Bromobuty- 

rate   on  Ethyl    Sodaceto- 

acetate 5  0  0 

Estimation   of    Potash   and 

Phosphoric  Acid 13  0  0 

Exploration  of  Victoria  Gave  100  0  0 

Geological  Record 100  0  0 

Kent's  Cavern  Exploration...  100  0  0 
Thermal    Conductivities    of 

Rocks  10  0  0 

Undergronnd  Waters  10  0  0 

Earthquakes  in  Scotland 1  10  0 

Zoological  Record 100  0  0 

Close  Time 5  0  0 

Physiological       Action       of 

Sound 25  0  0 

Naples  Zoological  Station  ...    75  0  0 

Intestinal  Secretions    15  0  0 

Physical  Characters  of  Inha- 
bitants of  British  Isles 13  15  0 

Measuring  Speed  of  Shipo  ...  10  0  0 
Effect  of  Propeller  on  turning 

of  Steam-vessels  5  0  0 

£1092  4  2 

1877. 
Liquid    Carbonic    Acid     in 

Minerals 20  0  0 

Elliptic  Functions    260  0  0 

Thermal      Conductivity     of 

Rooks  0  11  7 

Zoological  Record 100  0  0 

Kent's  Cavern    100  0  0 

Zoological  Station  at  Naples    75  0  0 

Luminous  Meteors 30  0  0 

Elasticity  of  Wires  100  0  0 

Dipterocarpeae,  Report  on  ...  20  0  0 
Mechanical     Equivalent    of 

Heat 35  0  0 

Double  Compounds  of  Cobalt 

and  Nickel 8  0  0 

Underground  Temperatmre...    50  0  0 

Settle  Cave  Exploration 100  0  0 

Underground  Waters  in  New 

Red  Sandstone  10  0  0 

Action  of  Ethyl  Bromobuty- 

rate  on    'Ethyl   Sodaceto- 

acetate 10  0  0 

British  Earthworks  25  0  0 

Atmospheric    Electricity    in 

India 15  0  0 

Development  of  Light  from 

Coal-gas 20  0  0 

Estimation   of    Potash    and 

Phosphoric  Add... 1  18  0 

Geological  Record 100  0  0 

Anthropometric  Conunittee       34  0  0 
Physiological  Action  of  Phos- 
phoric Acid,  &g 15  0  0 

£1128' 9  7 
Digitized  by  ■  _     g  2  o  ^ 
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KEPORT — 1906. 


1878. 

£    9.  d. 

Exploration  of  Settle  Caves     100    0    0 

Geological  Record 100    0    0 

Investigation  of  Pulse  Pheno- 
mena by  means  of  Siphon 
Recorder 10    0    0 

Zoological  Station  at  Naples      76    0    0 

Investigation  of  Underground 
Waters 16    0    0 

Transmission  of  Electrical 
Impulses  through  Nerve 
Structure 30    0    0 

CSalculation  of  Factor  Table 
for  4th  Million 100    0    0 

Anthropometric  Committee...    66    0    0 

Composition  and  Structure  of 
less'known  Alkaloids  25    0    0 

Exploration  of  Kent's  Cavern    60    0    0 

Zoological  Record 100    0    0 

Fermanagh  Caves  Explora- 
tion      16    0    0 

Thermal      Conductivity      of 

Rocks  4  16    6 

Luminous  Meteors 10*  0    0 

Ancient  Earthworks 25    0    0 

£725  16    6 


1879. 

Table     at     the     Zoological 

Station,  Naples 75    0    0 

Miocene  Flora  of  the  Basalt 
of  the  North  of  Ireland    ...    20    0    0 

Illustrations  for  a  Monograph 

on  the  Mammoth  17    0    0 

Record  of  Zoological  Litera- 
ture    100    0    0 

Composition  and  Structure  of 

less-known  Alkaloids    25    0    0 

Exploration     of     Caves     in 

Borneo     60    0    0 

Kent's  Cavern  Exploration...  100    0    0 

Itecord  of  the  Progress  of 
Geology  100    0    0 

Fermanagh  Caves  Exploration      5    0    0 

Electrolysis  of  Metallic  Solu- 
tions and  Solutions  of 
Compound  Salts 25    0  .0 

Anthropometric  Committee...     50    0    0 

Natural  History  of  Socotra...  100    0    0 

Calculation  of  Factor  Tables 
for  5th  and  6th  Millions  ...  150    0    0 

Underground  Waters 10    0    0 

Steering  of  Screw  Steamers...     10    0    0 

Improvements  in  Astrono- 
mical Clocks  30    0    0 

Marine     Zoology    of    South 

Devon 20    0    0 

Determination  of  Mechanical 
Equivalent  of  Heat  12  15    6 


£ 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum iO    0    0 

Tables  of  Sun-heat  Co- 
efBcients SO    0    C 

Datum  Level  of  the  Ordnance 
Survey 10    0    0 

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms    36  14    9 

Atmospheric  Electricity  Ob- 
servations in  Madeira 16    0    0 

Instrument     for     Detecting 

Fire-damp  in  Mines 22    0    0 

Instruments  for  Measuring 
the  Speed  of  Ships    17    1     8 

Tidal  Observations  in  the 
English  Channel   10    0    0 

£1080  11  11 


1880. 

New  Form  of  High  Insulation 
Key 10    0    0 

Underground  Temperature ...    10    0    0 

Determination  of  the  Me- 
chanical Equivalent  of 
Heat    8    5    0 

Elasticity  of  Wires  50    0    0 

Luminous  Meteors    30    0    0 

Lunar  Disturbance  of  Gravity    30    0    0 

Fundamental  Invariants 8    6    0 

Laws  of  Water  Friction 20    0    0 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum 20    0    0 

Completion  of  Tables  of  Sun- 
heat  Coefficients    50    0    0 

Instrument  for  Detection  of 
Fire-damp  in  Mines 10    0    0 

Inductive  Capacity  of  Crystals 
andParaffines    4  17    7 

Report  on  Carboniferous 
Polyzoa   10    0    0 

Caves  of  South  Ireland    10    0    0 

Viviparous  Nature  of  Ichthyo- 
saurus      10    0    0 

Kent's  Cavern  Exploration...    50    0    0 

Geological  Record 100    0    0 

Miocene  Flora  of  the  Basalt 
of  North  Ireland   15    0    0 

Underground  Waters  of  Per- 
mian Formations  5    0    0 

Record  of  Zoological  Litera- 
ture   100    0    0 

Table  at  Zoological  Station 
at  Naples    75    0    0 

Investi<ration  of  the  Geology 
and  Zoology  of  Mexico 60    0    0 

Anthropometry 50    0    0 

Patent  Laws  6    0    0 

^    £731     7     7 
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ld81. 

£  $.  d. 

Lunar  Disturbance  of  Oravity  80  0  0 

Underground  Temperature ...  20  0  0 

Blectrical  Standards 25  0  0 

High  In&ulation  Key 6  0  0 

Hdal  Observations   10  0  0 

Specific  Refractions 7  8  1 

Fossil  Polyzoa    10  0  0 

Onderground  Waters    10  0  0 

Earthquakes  in  Japan 25  0  0 

Tertiary  Flora   20  0  0 

Scottish  Zoologieal  Station  ...  50  0  0 

Naples  Zoolog&al  Station    ...  75  0  0 

Natural  History  of  Socotra  ...  50  0  0 
Anthropological    Notes    and 

Queries    9  0  0 

Zoological  Record 100  0  0 

Weights     and     Heights    of 

Human  Beings 80  0  0 

;e476  3  1 


1882. 
Exploration  of  Central  Africa  100    0    0 
Fundamental    Invariants    of 

Algebraical  Forms    76    1  11 

Standards      for      Electrical 

Measurements  100    0    0 

Calibration  of  Mercurial  Ther- 
mometers     ^    20    0    0 

Wave-length  Tables  of  Spec- 

ira  of  Elements 50    0    0 

Photogn^hing     Ultra-violet 

Spark  Spectra    25    0    0 

Geological  Record 100    0    0 

Earthquake    Phenomena    of 

Japan 25    0    0 

Conversion   of    Sedimentary 

Materials  into  Metamorphic 

Rocks  10    0    0 

Fossil  Plants  of  Halifax 15    0    0 

(Geological  Map  of  Europe  ...  25  0  0 
Circulation  of  Underground 

Waters 15    0    0 

Tertiary  Flora  of  North  of 

Ireland    20    0    0 

British  Polyioa 10    0    0 

Exploration  of  Caves  of  South 

of  Ireland  10    0    0 

BxplorationofRaygill  Fissure  20  0  0 
Naples  Zoological  Station  ...  80  0  0 
Albuminoid    Substances    of 

Serum 10    0    0 

Elimination  of  Nitrogen  by 

Bodily  Exercise 50    0    0 

Migration  of  Birds  15    0    0 

Natural  History  of  Socotra...  100    0    0 
Natural  History  of  Timor-lant  100    0    0 
Record  of  Zoological  Litera- 
ture   100    0    0 

Anthropometric  Committee...    50    0    0 

;eil26    1  11 


1883. 

£    i.  d. 

Meteorological    Observations 
on  Ben  Nevis 50    0    0 

Isomeric  Naphthalene   Deri- 
vatives  , 15    0    0 

Earthquake    Phenomena    of 
Japan  50    0    0 

Fossil  Plants  of  Halifax 20    0    0 

British  Fossil  Polysoa 10    0    0 

Fossil  Phyllopoda  of  Palaeo- 
zoic Rocks  25    0    0 

Erosion  of  Sea-coast  of  Eng- 
land and  Wales 10    0    0 

Circulation  of   Underground 
Waters 15    0    0 

Geological  Record 50    0    0 

Exploration  of  Caves  in  South 
of  Ireland  10    0    0 

Zoological  Literature  Record  100    0    0 

Migration  of  Birds   20    0    0 

Zoological  Station  at  Naples    80    0    0 

Scottish  Zoological  Station...    25    0    0 

Elimination  of  Nitrogen  by 
Bodily  Exercise 88    3    3 

Exploration  of  Mount  Kili- 
ma-njaro 500    0    0 

Investigation    of     Looghton 
Camp  10    0    0 

Natural  History  of  Timor-laut    50    0    0 

Screw  Gauges 5    0    0 

£1083    3    a 


1884. 
Meteorological    Observations 

on  Ben  Nevis 50 

Collecting  and  Investigating 

Meteoric  Dust 20 

Meteorological  Observatory  at 

Chepstow 25 

Tidal  Observations 10 

Ultra  Violet  Spark  Spectra  ...  8 
Earthquake    Phenomena    of 

Japan  75 

Fossil  Plants  of  Halifax  15 

Fossil  Polyzoa 10 

Erratic  Blocks  of  England  ...  10 
Fossil  Phyllopoda  of  Palaeo- 
zoic Rocks  16 

Circulation   of    Underground 

Waters 6 

International  Geological  Map  20 
Bibliography    of    Groups    of 

Invertebrata   50 

Natural  History  of  Timor-laut  50 

Naples  Zoological  Station    ...  80 
Exploration   of  Mount  Kili- 

ma-njaro,  East  Africa   500 

Migration  of  Birds 20 

Coagulation  of  Blood 100 

Zoological  Literature  Record  100 

Anthropometric  Committee...  10 

£1173 


0  0 

0  0 

0  0 

0  0 

4  0 


0    0 

0    0 
0    0 


4    0 
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1886. 

£    «.  d. 

Synoptio  Chart  of  Indian 
Ocean  60    0    0 

Reduction  of  Tidal  Observa- 
tions      10    0    0 

Calculating  Tables  in  Theory 
of  Numbers 100    0    0 

Meteorological  Obseryations 
on  Ben  Nevis 60    0    0 

Meteoric  Dust    70    0    0 

Vapour  Pressures,  &c,  of  Salt 
Solutions 25    0    0 

Physical  Constants  of  Solu- 
tions     20    0    0 

Volcanic  Phenomena  of  Vesu- 
vius      25    0    0 

Raygill  Fissure  15    0    0 

Earthquake  Phenomena  of 
Japan  70    0    0 

Fossil  Phyllopodaof  PalseoBoic 
Rocks  26    0    0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Beds...    60    0    0 

Geological  Record 60    0    0 

Circulation  of  Underground 
Waters 10    0    0 

Naples  Zoological  Station    ...  100    0    0 

Zoological  Literature  Record.  100    0    0 

Migration  of  Birds    30    0    0 

Exploration  of  Mount  Kilima- 
njaro        26    0    0 

Recent  Polyzoa 10    0    0 

Oranton  Biological  Station  ...  100    0    0 

Biological  Stations  on  Coasts 
of  United  Kingdom  160    0    0 

Exploration  of  New  Guinea...  200    0    0 

Exploration  of  Mount  Roraima  100    0    0 

£1385    0    0 


1886. 

Electrical  Standards 40  0  0 

Solar  Ptadiation 9  10  6 

Tidal  Observations    60  0  0 

Magnetic  Observations 10  10  0 

ObflMBrvations  on  Ben  Nevis ...  100  0  0 
Physical  and  Chemical  Bear- 
ings of  Electrolysis  20  0  0 

Chemical  Nomenclature   6  0  0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Beds...  20  0  0 

Caves  in  North  Wales  26  0  0 

Volcanic  Phenomena  of  Vesu- 
vius    ,S0  0  0 

Geological  Record 100  0  0 

Palaeozoic  Phyllopoda  15  0  0 

Zoological  Literature  Record .  100  0  0 

Granton  Biological  Station ...  75  0  0 

Naples  Zoological  Station 60  0  0 

Researches  in  Food-Fishes  and 

Invertebrata  at  St.  Andrews  76  0  0 


0 
0 


£  «.  d. 

Migration  of  Birds  80  0    0 

Secretion  of  Urine 10  0 

Exploration  of  New  Guinea...  150  0 
Regulation  of  Wages  under 

Sliding  Scales    10  0    0 

Prehistoric   Race    in    Greek 

Islands -...    20  0    0 

North- Western  Tribes  of  Ca- 
nada      50  0    0 

£995  0    6 


1887. 

Solar  Radiation 18  10  0 

Electrolysis 30  0  0 

Ben  Nevis  Observatory 75  0  0 

Standards    of    light    (1886 

grant) 20  0  0 

Standards  of  Light  (1887 

grant) 10  0  0 

Harmonic  Analysis  of  Tidal 

Observations 15  0  0 

Magnetic  Observations 26  2  0 

Electrical  Standards 50  0  0 

SilentDischargeof  Electricity  20  0  0 

Absorption  Spectra   40  0 

Nature  of  Solution    20  0  0 

Influence  of  Silicon  on  Steel  30  0  0 
Volcanic  Phenomena  of  Vesu- 
vius    20  0  0 

Volcanic  Phenomena  of  Japan 

(1886  grant)  60  0  0 

Volcanic  Phenomena  of  Japan 

(1887  grant)  60  0  0 

Cae  Gwyn  Cave,  N.  Wales  ...  20  0  0 

Erratic  Blocks    10  0  0 

Fossil  Phyllopoda 20  0  0 

Coal  Plants  of  Halifax 25  0  0 

Microscopic  Structure  of  the 

Rocks  of  Anglesey 10  0  0 

Exploration  of    the    Eocene 

Bedsof  the  Isle  of  Wight...  20  0  0 

Underground  Waters    6  0  0 

•Manure 'Gravels  of  Wexford  10  0  0 

Provincial  Museums  Reports  5  0  0 

Lymphatic  System    25  0  0 

Naples  Biological  Station    ...100  0  0 

Plymouth  Biological  Station  50  0  0 

Granton  Biological  Station ...  75  0  0 

Zoological  Record 100  0  0 

Flora  of  China  75  0  0 

Flora    and    Fauna    of    the 

Cameroons 75  0  0 

Migration  of  Birds    30  0  0 

Bathy-hypsographical  Map  of 

British  Isles   7  6  0 

Regulation  of  Wages    10  0  0 

Prehistoric    Race    of    Greek 

Islands 20  0  0 

Racial  Photographs,  Egyptian  20  0  0 

^        ...      £1186  18  0 

Digitized  by    _       ^-^^^^^^^ 
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Ben  Nevis  Observatory 160    0    0 

Electrical  Standards 2    6    4 

Magnetic  Observations 16    0    0 

Standards  of  Light  79    2    3 

Electrolysis    30    0    0 

Uniform    Nomendatnre     in 

Mechanics  10    0    0 

Silent    Discharge    of    Elec- 
tricity  :..  9  11  10 

Properties  of  Solutions    26    0    0 

Influence  of  Silicon  on  Steel  20    0    0 
Methods  of  Teaching  Chemis- 
try     , 10    0    0 

Isomeric  Naphthalene  Deriva- 
tives   26    0    0 

Action  of  Light  on  Hydracids    20    0    0 

Sea  Beach  near  Bridlington...  20    0    0 

Geological  Record 60    0    0 

Manure  Gravels  of  Wexford...  10    0    0 

Erosion  of  Sea  Coasts  10    0    0 

Undergronnd  Waters    5    0    0 

Palieontographical  Society  ...  60    0    0 
Pliocene  Fauna  of  St.  Brth...  60    0    0 
Carboniferous  Flora  of  Lan- 
cashire and  West  Yorkshire  25    0    0 
Volcanic  Phenomena  of  Vesu- 
vius   20    0    0 

Zoology  and  Botany  of  West 

Indies 100    0    0 

Flora  of  Bahamas 100    0    0 

Development  of  Fishes — St. 

Andrews 60    0    0 

Marine  Laboratory,  Plymouth  100    0    0 

Migration  of  Birds    80    0    0 

Flora  of  China  76    0    0 

Naples  Zoological  Station   ...  100    0    0 

Lymphatic  System    25    0    0 

Biological  Station  at  Granton  60    0    0 

Peradeniya  Botanical  Station  60    0    0 

Development  of  Teleostei    ...  16    0    0 
Depth  of  Frozen  Soil  in  Polar 

Regions  5    0    0 

PreciousMetals  in  Circulation  20    0    0 
Value  of  Monetary  Standard  10    0    0 
Effect  of  Occupations  on  Phy- 
sical Development 25    0    0 

North-Westem      Tribes     of 

Canada    100    0    0 

Prehistoric    Race   in    Greek 

Islands 20    0    0 

£1511     0    5 


1889. 

Ben  Nevis  Observatory 50  0  0 

Electrical  Standards 76  0  0 

Electrolysis...: 20  0  0 

Surface-water  Temperature...  30  0  0 

Silent  Discharge  of  Electricity 

'  on  Oxygen  .^ 6  4  8 


Methods  of  teaching  Chemis- 
try         10  0  0 

Action  of  light  on  Hydracids    10  0  0 

Geological  Record 80  0  0 

Volcanic  Phenomena  of  Japan    25  0  0 
Volcanic  Phenomena  of  Vesu- 
vius     20  0  0 

Palaeozoic  Phyllopoda  20  0  0 

Higher  Eocene  Beds  of  Isle  of 

Wight 15  0  0 

West  Indian  Explorations   ...  100  0  0 

Flora  of  China  26  0  0 

Naples  Zoological  Station    ...  100  0  0 
Physiology     of     Lymphatic 

System    26  0  0 

Experiments  with  a  Tow-net      5  16  3 
Natural  History  of  Friendly 

Islands 100  0  0 

Geology  and    Geography    of 

Atlas  Range    100  0  0 

Action  of  Waves  and  Currents 

in  Estuaries   100  0  0 

North-Westem      Tribes      of 

Canada    160  0  0 

Nomad  Tribes  of  Asia  Minor    30  0  0 

Corresponding  Societies  20  0  0 

Marine  Biological  Association  200  0  0 

*  Baths  CoDunittee/  Bath 100  0  0 

jCUn  0  11 


1890. 

Electrical  Standards 12  17    0 

Electrolysis    6  0    0 

Electro-optics 60  0    0 

Mathematical  Tables    26  0    0 

Volcanic   and    SeJsmological 

Phenomena  of  Japan    ......  75  0    0 

Pellian  Equation  Tables 15  0    0 

Properties  of  Solutions    10  0    0 

International  Standard  for  the 

Analysis  of  Iron  and  Steel  10  0    0 
Influence  of  the  Silent  Dis- 
charge   of    Electricity  on 

Oxygen   6  0    0 

Methods  of  teachingChemistry  10  0    0 
Recording  Results  of  Water 

Analysis 4  10 

Oxidfition    of   Hydracids   in 

Sunlight 15  0    0 

Volcanic  Phenomena  of  Vesu- 
vius   20  0    0 

Palaeozoic  Phyllopoda  10  0    0 

Circulation  of    Underground 

Waters 5-0    0 

Excavations  at  Oldbury  Hill  15  0    0 

Cretaceous  Polyzoa  10  0    0 

Geological  Photographs  7  14  11 

Lias  Beds  of  Northampton  ...  25  0    0 

Botanical  Station  at  Perade-  ^^T  ' 

niya 253ff  t^ 


exx 


BSPOBT— 1906. 


£  i. 
Experiments    with    a   Tow- 
net  4  3 

Naples  Zoological  Station   ...  100  0 
Zoology  and  Botany  of  the 

West  India  Islands  100  0 

Marine  Biological  Association    30  0 
Action  of  Waves  and  Currents 

in  Estuaries    150  0 

Graphic  Methods  in  Mechani- 
cal Science 11  0 

Anthropometric  Calculations      5  0 

Nomad  Tribes  of  Asia  Minor    25  0 

Corresponding  Societies  20  0 

£799  16 


1891. 

Ben  Nevis  Observatory *  60  0 

Electrical  Standards 100  0 

Electrolysis 5  0 

SeismologicaJ  Phenomena  of 

Japan  10  0 

Temperatures  of  Lakes 20  0 

Photographs  of  Meteorological 

Phenomena 6  0 

Discharge  of  Electricity  from 

Points 10  0 

Ultra  Violet  Rays   of  Solar 

Spectrum    50  0 

International    Standard    for 

Analysis  of  Iron  and  Steel. . .  10  0 
Isomeric  Naphthalene  Deriva- 
tives   25  0 

Formation  of  Haloids  25  0 

Action  of  Light  on  Dyes 17  10 

Geological  Record 100  0 

Volcanic  Phenomena  of  Vesu- 
vius    10  0 

Fossil  Phyllopoda 10  0 

Photographs    of    Geological 

Interest   9  5 

Lias  of  Northamptonshire   ...  25  0 
Registration   of   Type-Speci- 
mens of  British  Fossils 5  5 

Investigation  of  Elbolton  Cave  25  0 
Botanical   Station   at    Pera- 

deniya 50  0 

Experiments  with  a  Tow-net  40  0 

Marine  Biological  Association  12  10 
Disappearance     of      Native 

Plants 5  0 

Action  of  Waves  and  Currents 

in  Estuaries    125  0 

Anthropometric  Calculations  10  0 
New  Edition  of  'Anthropo- 
logical Notes  and  Queries  *  50  0 
North  -  Western    Tribes    of 

Canada    200    0 

Corresponding  Societies  25  0 

*  £1,029  10 


1892. 

£    «.  d. 

Observations  on  Ben  Nevis  ...    60   0    0 
Photographsof  Meteorological 

Phenomena 15    0    0 

Pellian  Equation  Tables 10    0    0 

Discharge  of  Electricity  from 

Points 50    0    0 

Seismological  Phenomena  of 

Japan  10    0    0 

Formation  of  Haloids  12    0    0 

Properties  of  Solutions    10    0    0 

i  Action   of    Light   on   Dyed 

I      Colours    10    0    0 

;  Erratic  Blocks   15    0    0 

Photographs    of    Geological 

Interest  20    0    0 

Underground  Waters    10    0    0 

Investigation     of     Elbolton 

Cave 25    0 

Excavations  at  Oldbury  Hill    10    0 

Cretaceous  Polyzoa  10    0 

Naples  Zoological  Station   ...  100    0 
Marine  Biological  Association    17  10 

Deep-sea  Tow-net 40    0 

Fauna  of  Sandwich  Islands...  100    0 
Zoology  and  Botany  of  West 

India  Islands 100    0    0 

Climatology  and  Hydrography 

of  Tropical  Africa 60    0 

Anthiopometric  Laboratoiy...      5    0 
Anthropological    Notes    and 

Queries    

Prehistoric  Remains  in  Ma- 

shonaland  

North  -  Western     Tribes     of 

Canada    

Corresponding  Societies  


0 

0 


20    0    0 

50    0    0 

100    0    0 
...     26    0    0 

ie864'~10~0 


1893. 

Electrical  Standards 25  0  0 

Observations  on  Ben  Nevis  ...  150  0  0 

Mathematical  Tables  16  0  0 

Intensity  of  Solar  Radiation      2  8  6 
Magnetic  Work  at  the  Fal- 
mouth Observatory  26  0  0 

Isomeric  Naphthalene   Deri- 
vatives        20  0  0 

Erratic  Blocks  10  0  0 

Fossil  Phyllopoda 6  0  0 

Underground  Waters  6  0  0 

Shell-^Hsaring     Deposits     at 

Clava,  Chapelhall,  &c 20  0  0 

Eurypterids  of  the  Pentland 

Hills 10  0  0 

Naples  Zoological  Station   ...  100  0  0 

Marine  Biological  Association    80  0  0 

Fauna  of  Sandwich  Islands  100  0  0 
Zoology  and  Botany  of  West 

India  Islands  .^v»«»........»  ^0  0 


GENERAL  STATEMENT. 


cxzi 


€  t. 

Bxploratioii  of  Iziflh  Sea 30  0 

Physiological      Action      of 

Oxygen  in  Asphyxia 20  0 

Index  of  Genera  and  Species 

of  Animals 20  0 

Exploration    of    Kaxakoram 

Mountains 60  0 

Scottish  Place-names   7  0 

Climatology     and      Hydro- 
graphy of  Tropical  Africa    50  0 

Economic  Training  3  7 

Anthropometric     Laboratory      6  0 

Exploration  in  Abyssinia 25  0 

North-Westem      Tribes     of 

CJanada    100  0 

Corresponding  Societies  30  0 

£907  15 


0 

0  : 


0  I 
0 

I 

0  ! 


1894. 

Electrical  Standards 25    0    0 

Photographs  of  Meteorological 

Phenomena.... 10    0    0 

Tables  of  Mathematical  Fnnc-  | 

tions    15    0    0  , 

Intensity  of  Solar  Radiation  5    6    6! 

Wave-length  Tables 10    0    0 

Action  of  Light  upon  Dyed 

Colours    5    0    0 

Erratic  Blocks   16    0    0 

Fossil  PhyUopoda 6    0    0 

Shell -bearing     Deposits    at  , 

Clava,&c 20    0    0  ' 

Enryptorids  of  the  Pentland  | 

Hills 6    0    0 

New  Sections  of  Stonesfield  | 

Slate    14    0    0  j 

Observations    on    Earth-tre-  < 

mors    60    0    0 

Exploration    of     Calf  •  Hole 

Cave 5    0    0 

Naples  Zoological  Station  ...  100    0    0 

Marine  Biological  Association  6    0    0 

Zoology    of    the    Sandwich 

Islands    100    0    0 

Zoology  of  the  Irish  Sea 40    0    0 

Stmctore  and  Fanction  of  the 

Mammalian  Heart 10    0    0 

Exploration  in  Abyssinia    ...  80    0    0 

Economic  Training  9  10    0 

Anthropometric     Laboratory 

Statistics ^5    0    0 

Ethnographical  Survey    10    0    0 

The  Lake  Village  at  Glaston- 
bury   40    0    0 

Anthropometrical     Measure- 
ments in  Schools 5    0    0 

Mental  and  Physical  Condi- 
tion of  Children 20    0    0 

Corxesponding  Societies 26_ 0 _0 

£583  15    6 


1896. 

£    i.  d. 

Electrical  Standards 26    0    0 

Photographs  of  Meteorological 
Phenomena 10    0    0 

Earth  Tremors  75    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Reduction  of  Magnetic  Obser- 
vations made  at  Falmouth 
Observatory    50    0    0 

Comparison  of  Magnetic  Stan- 
dards       26    0    0 

Meteorological  Observations 
on  Ben  Nevis 50    0    0 

Wave-length  Tables  of  the 
Spectra  of  the  Elements  ...     10    0    0 

Action  of  Light  upon  Dyed 

Colours 4    6    1 

Formation  of  Haloids  from 
Pure  Materials  20    0    0 

Isomeric  Naphthalene  Deri- 
vatives     30    0    0 

Electrolytic  Quantitative  An- 
alysis      30    0    0 

Erratic  Blocks   10    0    0 

PaliBOsoic  PhyUopoda  5    0    0 

Photographs  of  Geological  In- 
terest      10    0    0 

Shell-bearing  Deposits  at 
Clava,  &c 10    0    0 

Eurypterids  of  the  Pentland 
HiUs 3    0    0 

New  Sections  of  Stonesfield 

Slate    50    0    0 

Exploration  of  Calf  Hole  Cave    10    0    0 

Nature  and  Probable  Age  of 
High-level  FUnt-drifts 10    0    0 

Table  at  the  Zoological  Station 
at  Naples    100    0    0 

Table  at  the  Biological  Labo- 
ratory, Plymouth  15    0    0 

Zoology,  Botany,  and  Geology 
of  the  Irish  Sea ;.•»     36    9    4 

Zoology  and  Botany  of  the 
West  India  Islands  50    0    0 

Index  of  Genera  and  Species 
ofAnunals 50    0    0 

Climatology  of  Tropical  Africa      5    0    0 

Exploration  of  Hadramut    ...     50    0    0 

Calibration  and  Comparison  of 

Measuring  Instruments    ...    26    0    0 

Anthropometric  Measure- 
ments in  Schools  5    0    0 

Lake  Village  at  Glastonbury    30    0    0 

Exploration  of  a  Kitchen- 
midden  at  Hastings 10    0    0 

Ethnographical  Survey    10    0    0 

Physiological  Applications  of 
the  Phonograph 25    0    0 

Corresponding  Societies  30    0    0 

£977  16    6 

Digitized  by  '  _      _     _  r^^^ 
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1896. 

£    8,   d. 

Photographs  of  Meteorologi- 
cal Phenomena 15    0    0 

Seismological  Observations...    80    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Calculation  of  certain  Inte- 
grals      10    0    0 

Uniformity  of  Size  of  Pages  of 
Transactions,  &c 5    0    0 

Wave-length  Tables  of  the 
Spectraof  the  Elements  ...     10    0    0 

Action  of  Light  npon  Dyed 
Colours    2    6     1 

Electrolytic  Quantitative  Ana- 
lysis      10    0    0 

The  Carbohydrates  of  Barley 
Straw  50    0    0 

Reprinting  Discussion  on  the 
Relation  of  Agriculture  to 
Science    5    0    0 

Erratic  Blocks   10    0    0 

Palaeozoic  Phyllopoda 5    0    0 

Shell-bearing     Deposits     at 

Clava,&c 10    0    0 

Eurypterids  of  the  Pentland 
Hills 2    0    0 

Investigation  of  a  Coral  Reef 
by  Boring  and  Sounding  ...     10    0    0 

Examination  of  Locality  where 
the  Cetiosaurus  in  the  Ox- 
ford Museum  was  found  ...     25    0    0 

Palaeolithic  Deposits  at  Hoxne    25    0    0 

Fauna  of  Singapore  Caves  ...     40    0    0 

Age  and  Relation  of  Rocks 
near  Moreseat,  Aberdeen    .     10    0    0 

Table  at  the  Zoological  Sta- 
tion at  Naples    100    0    0 

Table  at  the  Biological  Labo- 

•   ratory,  Plymouth  16    0    0 

Zoology,  Botany,  and  Geology 
of  the  Irish  Sea 60    0    0 

Zoology  of  the'  Sandwich  Is- 
lands      100    0    0 

African  Lake  Faiina 100    0    0 

Oysters  under  Normal  and 
Abnormal  Environment   ...     40    0    0 

Climatology  of  Tropical  Africa    10    0    0 

Calibration  and  Comparison  of 
Measuring  Instruments 20    0    0 

Small  Screw  Gauge  10    0    0 

North-Westem  Tribes  of 
Canada    100    0    0 

Lake  Village  at  Glastonbury .    30    0    0 

Ethnographical  Survey 40    0    0 

Mental  and  Physical  Condi- 
tion of  Children 10    0    0 

Physiological  Applications  of 

the  Phonograph 25    0    0 

Corresponding  Societies  Com- 
mittee     30    0    0 

£1,104    6    i 


1897. 

£    $.    d. 

Mathematical  Tables    25    0    0 

Seismological  Observations...  100    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Calculation  of  certain  In- 
tegrals      10    0    0 

Electrolvsis  and  Electro- 
chemistry        60    0    0 

Electrolytic  Quantitative  Ana- 
lysis      10    0    0 

Isomeric  Naphthalene  Deri- 
vatives      50    0    0 

Erratic  Blocks   10    0    0 

Photographs  of  Geological 
Interest  16    0    0 

Remains  of  the  Irish  Elk  in 

the  Isle  of  Man 16    0    0 

Table  at  the  Zoological  Sta- 
tion, Naples   100    0    0 

Table  at  the  Biological  La- 
boratory, Plymouth 9  10    8 

Zoological  Bibliography  and 
Publication 6    0    0 

Index  Generum  et  Specierum 
Animalium... 100    0    0 

Zoology  and  Botany  of  the 

West  India  Islands   40    0    0 

The  Details  of  Observa- 
tions on  the  Migration  of 
Birds   40    0    0 

Climatology  of  Tropical 
Africa 20    0    0 

Ethnographical  Survey 40    0    0 

Mental  and  Physical  Condi- 
tion of  Children 10    0    0 

Silchester  Excavation  20    0    0 

Investigation  of  Changes  as- 
sociated with  the  Func- 
tional Activity  of  Nerve 
Cells  and  their  Peripheral 
Extensions 180    0    0 

Oysters  and  Typhoid    30    0    0 

Physiological  Applications  of 

the  Phonograph 16    0    0 

Physiological  Effects  of  Pep- 
tone and  its  Precursors 20    0    0 

Fertilisation  in  Pheeophycesc    20    0    0 

Corresponding  Societies  Com- 
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General  Meetings, 
AT   THE  CITY  HALL,  CAPE  TOWN. 

On  Tuesday,  August  15,  at  8.30  p.m.,  a  letter  from  the  retiring  Presi- 
dent, the  Right  Hon.  A.  J.  Balfour,  D.C.L.,  LL.D.,  M.P.,  F.R.S.,  having 
been  read,  Professor  G.  H.  Darwin,  M.A.,  LL.D.,  Ph.D.,  F.R.S.,  assumed 
the  office  of  President,  and  delivered  the  first  part  of  an  Address,  for 
which  see  p.  3. 

On  Wednesday,  August  16,  at  8  p.m.,  a  Reception  was  held  by  the 
Mayor. 

On  Thursday,  August  17,  at  8.30  p.m.,  Professor  E.  B.  Poulton,  F.R.8., 
delivered  a  Lecture  on  *  W.  J.  Burchell's  Discoveries  in  South  Africa.' 

On  Friday,  August  18,  at  8.30  p.m.,  Mr.  C.  Vernon  Boys,  F.KS., 
delivered  a  Lecture  on  *  Some  Surface  Actions  of  Fluids.' 

AT  JOHANNESBURG. 

On  Monday,  August  28,  at  8.30  p.m.,  the  Mayor  and  Town  Council 
held  a  Reception  at  the  Wanderers'  Club. 

On  Tuesday,  August  29,  at  8.30  p.m..  Professor  W.  E.  Ayrton,  F.R.S., 
delivered  a  Lecture  on  *  The  Distribution  of  Power '  at  St.  Mary's  Hall. 

On  Wednesday,  August  30,  at  8.30  p.m.,  at  St.  Mary's  Hall,  Professor 
Darwin  delivered  the  concluding  part  of  his  Address. 

On  Thursday,  August  31,  at  8.30  p.m.,  Professor  J.  O.  Arnold  delivered 
a  Lecture  on  *  Steel  as  an  Igneous  Rock '  at  St.  Mary's  Hall. 

On  Friday,  September  1,  at  5  p.m.,  the  concluding  General  Meeting 
took  place  in  the  Municipal  Buildings,  when  the  Proceedings  of  the 
General  Committee  and  the  Grants  of  Money  for  Scientific  Purposes  were 
explained  to  the  Members. 

The  Meeting  was  then  adjourned  to  York. 


%*  5e/?  Appendix  for  a  detailed  account  of  the  Meeting  in  South  Africa  texts 
of  Addresses  of  Welcome,  notices  of  LectureF,  and  information  in  re^^ard  co  the 
fuandation  of  a  South  Africa  Medal. 
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ADDRESS 

BT 

PnoPBSSOE  G.  H.  DAEWIN,  M.A.,  LL.D.,  Ph.D.,  F.E.S. 

PRESIDENT. 


BabtHolomeu  Diaz,  the  discoverer  of  the  Cape  of  Storms,  spent  sixteen 
months  on  his  voyage,  and  the  little  flotilla  of  Yasco  da  Gama,  sailing 
from  Lisbon  on  July  8,  1497,  only  reached  the  Cape  in  the  middle  of 
November.  These  bold  men,  sailing,  in  their  puny  iishing  smacks  to 
imknown  lands,  met  the  perils  of  the  sea  and  the  attacks  of  savages  with 
equal  courage.  How  great  was  the  danger  of  such  a  voyage  may  be 
gathered  from  the  &ct  that  less  than  half  the  men  who  sailed  with  da 
Gama  lived  to  return  to  Lisbon.  Four  hundred  and  eight  years  have 
passed  sinoe  that  voyage,  and  a  ship  of  13,000  tons  has  just  brought  us 
here,  in  safety  and  luxury,  in  but  little  more  than  a  fortnight. 

How  striking  are  the  contrasts  presented  by  these  events  !  On  the 
one  hand  compare  the  courage,  the  endurance,  and  the  persistence  of  the 
earlj  navigators  with  the  little  that  has  been  demanded  of  us ;  on  the 
otiier  hand  consider  how  much  man's  power  over  the  forces  of  Nature  has 
heen  augmented  during  the  past  four  centuries.  The  capacity  for  heroism 
is  probcJi>ly  undiminished,  but  certainly  the  occasions  are  now  rarer  when 
it  is  demanded  of  us.  If  we  are  heroes,  at  least  but  few  of  us  ever  find  it 
ont^  and,  when  we  read  stories  of  ancient  feats  of  courage,  it  is  hard  to 
prevent  an  uneasy  thought  that,  notwithstanding  our  boasted  mechanical 
hiventions,  we  are  perhaps  degenerate  descendants  of  our  great  predecessors. 

Yet  the  thought  that  to-day  is  less  romantic  and  less  heroic  than 
yesterday  has  its  consolation,  for  it  means  that  the  lot  of  man  is  easier 
tiian  it  was.  Mankind,  indeed,  may  be  justly  proud  that  this  improvement 
has  been  due  to  the  successive  efforts  of  each  generation  to  add  to  the 
heritage  of  knowledge  handed  down  to  it  by  its  predecessors,  whereby  we 
have  been  bom  to  the  accumulated  endowment  of  centuries  of  genius  and 
labour.  ^-^  i 

I  am  told  that  in  the  United  States  the  phrase  *  I  ^M^tfi^Mcfit^^fii!^ 
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losb  the  simple  meaning  implied  by  the  words,  and  has  become  a  mere 
exclamation  of  surprise.  Such  a  conventional  expression  could  hardly 
have  gained  currency  except  amongst  a  people  who  aspire  to  knowledge. 
The  dominance  of  the  European  race  in  America,  Australasia,  and  South 
Africa  has  no  doubt  arisen  from  many  causes,  but  amongst  these  perhaps 
*  the  chief  one  is  that  not  only  do  '  we  want  to  know,'  but  also  that  we  are 
determined  to  find  out.  And  now  within  the  last  quarter  of  a  century 
we  have  welcomed  into  the  ranks  of  those  who  *  want  to  know '  an 
oriental  race,  which  has  already  proved  itself  strong  in  the  peaceful  arts 
of  knowledge. 

I  take  it,  then,  that  you  have  invited  us  because  you  want  to  know 
what  is  worth  knowing  ;  and  we  ^re  here  because  we  want  to  know  yon, 
to  learn  what  you  have  to  tell  us,  and  to  see  that  South  Africa  of  which 
we  have  heard  so  much. 

The  hospitality  which  you  are  offering  us  is  so  lavish,  and  the  journeys 
which  you  have  organised  are  so  extensive,  that  the  cynical  observer  might 
be  tempted  to  describe  our  meeting  as  the  largest  picnic  on  record. 
Although  we  intend  to  enjoy  our  picnic  with  all  our  hearts,  yet  I  should 
like  to  tell  the  cynic,  if  he  is  here,  that  perhaps  the  most  important 
object  of  these  conferences  is  the  opportunity  they  afford  for  personal 
intercourse  between  men  of  like  minds  who  live  at  the  remotest  comers 
of  the  earth. 

We  shall  pass  through  your  land  with  the  speed  and  the  voracity  of  a 
flight  of  locusts  ;  but,  unlike  the  locust,  we  shall,  I  hope,  leave  behind  us 
permanent  fertilisation  in  the  form  of  stimulated  scientific  and  educa- 
tional activity.  And  this  result  will  ensue  whether  or  not  we  who  have 
come  from  Europe  are  able  worthily  to  sustain  the  lofty  part  of  prophets 
of  science.  We  shall  try  our  best  to  play  to  your  satisfaction  on  the  great 
stage  upon  which  you  call  on  us  to  act,  and  if  when  we  are  gone  you  shall, 
amongst  yourselves,  pronounce  the  performance  a  poor  one,  yet  the  fact 
will  remain,  that  this  meeting  has  embodied  in  a  material  form  the  desire 
that  the  progress  of  this  great  continent  shall  not  be  merely  material ; 
and  such  an  aspiration  secures  its  own  fulfilment.  However  small  may 
be  the  tangible  results  of  our  meeting,  we  shall  always  be  proud  to 
have  been  associated  with  you  in  your  efforts  for  the  advancement  of 
science. 

We  do  not  know  whether  the  last  hundred  years  will  be  regarded  for 
ever  as  the  sceculum  mirahile  of  discovery,  or  whether  it  is  but  the  prelude 
to  yet  more  marvellous  centuries.  To  us  living  men,  who  scarcely  pass 
a  year  of  our  lives  without  witnessing  some  new  marvel  of  discovery 
or  invention,  the  rate  at  which  the  development  of  knowledge  proceeds 
is  truly  astonishing ;  but  from  a  wider  point  of  view  the  scale  of  time 
is  relatively  unimportant,  for  the  universe  is  leisurely  in  its  procedure. 
Whether  the  changes  which  we  witness  be  fast  or  slow,  they  form 
a  part  of  a  long  sequence  of  events  which  begin  in  some  past  of  im- 
measurable remoteness  and  tend  to  some  end   which   we  cannot  fore- 
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see.  It  must  always  be  profoundly  interesting  to  the  mind  of  man 
to  trace  successive  cause  and  effect  in  the  chain  of  events  which  make 
np  the  history  of  the  earth  and  all  that  lives  on  it,  and  to  speculate 
on  the  origin  and  future  fate  of  animals,  and  of  planets,  suns,  and 
stars.  I  shall  try,  then,  to  set  forth  in  my  address  some  of  the  attempts 
which  have  been  made  to  formulate  Evolutionary  speculation.  This 
choice  of  a  subject  has  moreover  been  almost  forced  on  me  by  the  scope 
of  my  own  scientific  work,  and  it  is,  I  think,  justified  by  the  name 
which  I  bear.  It  will  be  my  fault  and  your  misfortune  if  I  fail  to 
convey  to  yon  some  part  of  the  interest  which  ia  naturally  inherent  in 
such  researches. 

The  man  who  propounds  a  theory  of  evolution  is  attempting  to  recon- 
struct the  history  of  the  past  by  means  of  the  circumstantial  evidence 
afforded  by  the  present.  The  historian  of  man,  on  the  other  hand,  has 
the  advantage  over  the  evolutionist  in  that  he  has  the  written  records  of 
the  past  on  which  to  rely.  The  discrimination  of  the  truth  fi-om  amongst 
discordant  records  is  frequently  a  work  demanding  the  highest  qualities 
of  judgment ;  yet  when  this  end  is  attained  it  remains  for  the  historian 
to  convert  the  arid  skeleton  of  facts  into  a  living  whole  by  clothing  it 
with  the  flesh  of  human  motives  and  impulses.  For  this  part  of  his  task 
he  needs  much  of  that  power  of  entering  into  the  spirit  of  other  men's 
lives  which  goes  to  the  making  of  a  poet.  Thus  the  historian  should 
possess  not  only  the  patience  of  the  man  of  science  in  the  analysis  of  facts, 
but  also  the  imagination  of  the  poet  to  grasp  what  the  facts  have  meant. 
Such  a  combination  is  rarely  to  be  found  in  equal  perfection  on  both 
sides,  and  it  would  not  be  hard  to  analyse  the  works  of  great  historians 
so  as  to  see  which  quality  was  predominant  in  each  of  them. 

The  evolutionist  is  spared  the  surpassing  difficulty  of  the  human 
element,  yet  he  also  needs  imagination,  although  of  a  different  character 
from  that  of  the  historian.  In  its  lowest  form  his  imagination  is  that  of 
the  detective  who  reconstructs  the  story  of  a  crime ;  in  its  highest  it 
demands  the  power  of  breaking  loose  from  all  the  trammels  of  convention 
and  education,  and  of  imagining  something  which  has  never  occurred  to 
the  mind  of  man  before.  In  every  case  the  evolutionist  must  form  a 
theory  for  the  facts  before  him,  and  the  great  theorist  is  only  to  be  dis- 
tinguished from  the  fantastic  fool  by  the  sobriety  of  his  judgment — a 
distinction,  however,  sufficient  to  make  one  rare  and  the  other  only  too 
common. 

The  test  of  a  scientific  theory  lies  in  the  number  of  facts  which  it 
groups  into  a  connected  whole  ;  it  ought  besides  to  be  fruitful  in  pointing 
the  way  to  the  discovery  and  co-ordination  of  new  and  previously  un 
suspected  facts.  Thus  a  good  theory  is  in  effect  a  cyclopredia  of  knowledge, 
susceptible  of  indefinite  extension  by  the  addition  of  supplementary 
y<dumes. 

Hardly  any  theory  is  all  true,  and  many  are  not  all  false.  A 
theory  may  be  essentially  at  fault  and  yet  point  the   way   to  truth  ^^ 
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and  so  justify  its  temporary  existence.  We  should  not^  therefore,  totally 
reject  one  or  other  of  two  rival  theories  on  the  ground  that  they  seem, 
with  our  present  knowledge,  mutually  inconsistent,  for  it  is  likely  that 
both  may  contain  important  elements  of  truth.  The  theories  of  which 
I  shall  have  to  speak  hereafter  may  often  appear  discordant  with  one 
another  according  to  our  present  lights.  Tet  we  must  not  scruple  to 
pursue  the  several  divergent  lines  of  thought  to  their  logical  conclusions, 
relying  on  future  discovery  to  eliminate  the  false  and  to  reconcile  together 
the  truths  which  form  part  of  each  of  them. 

In  the  mouths  of  the  unscientific  evolution  is  often  spoken  of  as  almost 
synonymous  with  the  evolution  of  the  various  species  of  animals  on  the 
earth,  and  this  again  is  sometimes  thought  to  be  practically  the  same 
thing  as  the  theory  of  Natural  Selection.  Of  course  those  who  are  con- 
versant with  the  history  of  scientific  ideas  are  aware  that  a  belief  in  the 
gradual  and  orderly  transformation  of  Nature,  both  animate  and  inanimate, 
is  of  great  antiquity. 

We  may  liken  the  facts  on  which  theories  of  evolution  are  based  to  a 
confused  heap  of  beads,  from  which  a  keen- sighted  searcher  after  truth 
picks  out  and  strings  together  a  few  which  happen  to  catch  his  eye,  as 
possessing  certain  resemblances.  Until  recently,  theories  of  evolution,  in 
both  realms  of  Nature  were  partial  and  discontinuous,  and  the  chains 
of  faots  were  correspondingly  short  and  disconnected.  At  length  the 
theory  of  Natural  Selection,  by  formulating  the  cause  of  the  divergence 
of  forms  in  the  organic  wodd  from  the  parental  stock,  furnished  the 
naturalist  with  a  clue  by  which  he  examined  the  disordered  mass  of  facts 
before  him,  and  he  was  thus  enabled  to  go  far  in  deducing  order  where 
chaos  had  ruled  before,  but  the  problem  of  reducing  the  heap  to  perfect 
order  will  probably  baffle  the  ingenuity  of  the  investigator  for  ever. 

So  illuminating  has  been  this  new  idea  that,  as  the  whole  of  Nature 
has  gradually  been  re-examined  by  its  aid,  thousands  of  new  facts  have 
been  brought  to  light,  and  have  been  strung  in  due  order  on  the  necklace 
of  knowledge.  Indeed  the  transformation  resulting  from  the  new  point 
of  view  has  been  so  far-reaching  as  almost  to  justify  the  misapprehension 
of  the  unscientific  as  to  the  date  when  the  doctrines  of  evolution  first 
originated  in  the  mind  of  man. 

It  is  not  my  object,  nor  indeed  am  I  competent,  to  examine  the  extent 
to  which  the  Theory  of  Natural  Selection  has  needed  modification  since  it 
was  first  formulated  by  my  father  and  Wallace.  But  I  am  surely  justified 
in  maintaining  that  the  general  principle  holds  its  place  firmly  as  a  perma- 
nent acquisition  to  modes  of  thought. 

Evolutionary  doctrines  concerning  inanimate  nature,  although  of  much 
older  date  than  those  which  concern  life,  have  been  profoundly  affected 
by  the  great  impulse  of  which  I  have  spoken.  It  has  thus  come  about 
that  the  origin  and  history  of  the  chemical  elements  and  of  stellar  systems 
now  occupy  a  far  larger  space  in  the  scientific  mind  than  was  formerly  the 
case.     The  subject  which  I  shall  discuss  to-night  is  the  extent  to  which 
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ideas,  parallel  to  those  which  have  done  so  much  towards  elucidating  the 
problems  of  lite,  hold  good  also  in  the  world  of  matter  ;  and  I  believe  that 
it  will  be  possible  to  show  that  in  this  respect  there  exists  a  resemblance 
between  the  two  realms  of  nature,  which  is  not  merely  fanciful.  It  is 
proper  to  add  that  as  long  ago  as  1873  Baron  Karl  du  Prel  discussed  the 
same  subject,  from  a  similar  point  of  view,  in  a  book  entitled  '  The  Struggle 
for  tAie  in  the  Heavens.'  ^ 

Although  inanimate  matter  moves  under  the  action  of  forces  which 
are  incomparably  simpler  than  those  governing  living  beings,  yet  the 
problems  of  the  physicist  and  the  astronomer  are  scarcely  less  complex 
than  those  which  present  themselves  to  the  biologist.  The  mystery  of 
life  remains  as  impenetrable  as  ever,  and  in  his  evolutionary  speculations 
the  biologist  does  not  attempt  to  explain  life  itself,  but,  adopting  as  his 
unit  the  animal  as  a  whole,  discusses  its  relationships  to  other  animals 
and  to  the  surrounding  conditions.  The  physicist,  on  the  other  hand,  is 
irresistibly  impelled  to  form  theories  as  to  the  intimate  constitution  of  the 
ultimate  parts  of  matter,  and  he  desires  further  to  piece  together  the  past 
histories  and  the  future  fates  of  planets,  stars,  and  nebulse.  If  then  the 
specolatioDS  of  the  physicist  seem  in  some  respects  less  advanced  than 
those  of  the  biologist,  it  is  chiefly  because  he  is  more  ambitious  in  his 
aims.  Physicists  and  astronomers  have  not  yet  found  their  Johannesburg 
or  Kimberley ;  but  although  we  are  still  mere  prospectors,  I  am  proposing 
to  show  you  some  of  the  dust  and  diamonds  which  we  have  already 
extracted  from  our  surface  mines. 

The  fundamental:  idea  in  the  theory  of  Natural  Selection  is  the 
persistence  of  those  types  of  life  which  are  adapted  to  their  surrounding 
conditions,  and  the  elimination  by  extermination  of  ill-adapted  types. 
The  straggle  for  life  amongst  forms  possessing  a  greater  or  less  degree  of 
adaptation  to  slowly  varying  conditions  is  held  to  explain  the  gradual 
transmutation  of  species.  Although  a  different  phraseology  is  used  when 
we  speak  of  the  physical  world,  yet  the  idea  is  essentially  the  same. 

The  point  of  view  from  which  I  wish  you  to  consider  the  phenomena  of 
the  world  of  matter  may  be  best  explained  if,  in  the  first  instance,  I 
refer  to  political  institutions,  because  we  all  understand,  or  fancy  we 
understand,  something  of  politics,  whilst  the  problems  of  physics  are 
commonly  far  less  familiar  to  us.  This  illustration  will  have  a  further 
advantage  in  that  it  will  not  be  a  mere  parable,  but  will  involve  the 
fundamental  conception  of  the  nature  of  evolution. 

The  complex  interactions  of  man  with  man  in  a  community  are  usually 
described  by  such  comprehensive  terms  as  the  State,  the  Commonwealth, 
or  the  Government.  Various  States  differ  widely  in  their  constitution 
and  in  the  degree  of  the  complexity  of  their  organisation,  and  we  classify 
tbem  by  various  general  terms,  such  as  autocracy,  aristocracy,  or  de- 
mocracy, which  express  somewhat  loosely  their  leading  characteristics. 

>  i^  KampfwiCt  Ikttein  am  Himmel  (aweite  Auflage),  Denicjce,  Berlin,  I 
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But,  for  the  purpose  of  showing  the  analogy  with  physics,  we  need  terms 
of  wider  import  than  those  habitually  used  in  politics.  All  forms  of  the 
State  imply  inter-relationship  in  the  actions  of  men,  and  action  implies 
movement.  Thus  the  State  may  be  described  as  a  configuration  or  arrange- 
ment of  a  community  of  men  ;  or  we  may  say  that  it  implies  a  definite 
mode  of  motion  of  man — ^that  is  to  say  an  organised  scheme  of  action  of 
man  on  man.  Political  history  gives  an  account  of  the  gradual  changes 
in  such  configurations  or  modes  of  motion  of  men  as  have  possessed  the 
quality  of  persistence  or  of  stability  to  resist  the  disintegrating  influence 
of  surrounding  circumstances. 

In  the  world  of  life  the  naturalist  describes  those  forms  which  persist 
as  species  ;  similarly  the  physicist  speaks  of  stable  configurations  or 
modes  of  motion  of  matter  ;  and  the  politician  speaks  of  States.  The  idea 
at  the  base  of  all  these  conceptions  is  that  of  stability,  or  the  power  of 
resisting  disintegration.  In  other  words,  the  degree  of  persistence  or 
permanence  of  a  species,  of  a  configuration  of  matter,  or  of  a  State  depends 
on  the  perfection  of  its  adaptation  to  its  surrounding  conditions. 

If  we  trace  the  history  of  a  State  we  find  the  degree  of  its  stability 
gradually  changing,  slowly  rising  to  a  maximum,  and  then  slowly  de- 
clining. When  it  falls  to  nothing  a  revolution  ensues,  and  a  new  form 
of  government  is  established.  The  new  mode  of  motion  or  government 
has  at  first  but  slight  stability,  but  it  gradually  acquires  strength  and 
permanence,  until  in  its  turn  the  slow  decay  of  stability  leads  on  to  a  new 
revolution. 

Such  crises  in  political  history  may  give  rise  to  a  condition  in  which 
the  State  is  incapable  of  perpetuation  by  transfonnation.  This  occurs 
when  a  savage  tribe  nearly  exterminates  another  tribe  and  leads  the  few 
survivors  into  slavery ;  the  previous  form  of  government  then  becomes 
extinct. 

The  physicist,  like  the  biologist  and  the  historian,  watches  the  effect 
of  slowly  varying  external  conditions  ;  he  sees  the  quality  of  persistence 
or  stability  gradually  decaying  until  it  vanishes,  when  there  ensues  what 
is  called,  in  politics,  a  revolution. 

These  considerations  lead  me  to  express  a  doubt  whether  biologists 
have  been  correct  in  looking  for  continuous  transformation  of  species. 
Judging  by  analogy  we  should  rather  expect  to  find  slight  continuous 
changes  occurring  during  a  long  period  of  time,  followed  by  a  somewhat 
sudden  transformation  into  a  new  species,  or  by  rapid  extinction.^  How- 
ever this  may  be,  when  the  stability  of  a  mode  of  motion  vanishes, 
the  physicist  either  finds  that  it  is  replaced  by  a  new  persistent  type  of 

>  If  we  may  illustrate  this  graphically,  I  suggest  that  the  process  of  transfonna- 
tion may  be  represented  by  long  lines  of  gentle  slope,  followed  by  shorter  lines  of 
steeper  slope.  The  altematiye  is  a  continuous  uniform  slope  of  change.  If  the 
former  view  is  correct,  it  would  explain  why  it  should  not  be  easy  to  detect  specific 
change  in  actual  operation.  Some  of  my  critics  have  erroneously  thought  that  I 
advocate  specific  change  jp^r  saltum,  ^ o 
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motion  adapted  to  the  changed  conditions,  or  perhaps  that  no  such  trans- 
formation is  possible  and  that  the  mode  of  motion  has  become  extinct. 
The  evanescent  type  of  animal  life  has  often  been  preserved  for  us,  fossi- 
lised in  geological  strata  ;  the  evanescent  form  of  government  is  preserved 
in  written  records  or  in  the  customs  of  savage  tribes  ;  but  the  physicist 
fans  to  pursue  his  investigations  without  such  useful  hints  as  to  the  past. 

The  time-scale  in  the  transmutation  of  species  of  animals  is  furnished 
by  the  geological  record,  although  it  is  not  possible  to  translate  that 
record  into  years.  As  we  shall  see  hereafter,  the  time  needed  for  a  change 
of  type  in  atoms  or  molecules  may  be  measured  by  millionths  of  a  second, 
whUe  in  the  history  of  the  stars  continuous  changes  may  occupy  millions 
of  years.  Notwithstanding  this  gigantic  contrast  in  speed,  yet  the  process 
involved  seems  to  be  essentially  the  same. 

It  is  hardly  too  much  to  assert  that,  if  the  conditions  which  deter- 
mine stability  of  motion  could  be  accurately  formulated  throughout  the 
universe,  the  past  history  of  the  cosmos  and  its  future  fate  would  be 
unfolded.  How  indefinitely  far  we  stand  removed  from  such  a  state  of 
knowledge  will  become  abundantly  clear  from  the  remainder  of  my 
address. 

The  study  of  stability  and  instability  then  furnishes  the  problems  which 
the  physicist  and  biologist  alike  attempt  to  solve.  The  two  classes  of 
problems  differ  principally  in  the  fact  that  the  conditions  of  the  world  of 
life  8|^  so  incomparably  more  intricate  than  those  of  the  world  of  matter 
that  the  biologist  is  compelled  to  abandon  the  attempt  to  determine  the 
absolute  amount  of  the  influence  of  the  various  causes  which  have  affected 
the  existence  of  species.  His  conclusions  are  merely  qualitative  and 
general,  and  he  is  almost  universally  compelled  to  refrain  from  asserting 
even  in  general  terms  what  are  the  reasons  which  have  rendered  one 
form  of  animal  life  stable  and  persistent,  and  another  unstable  and 
evanescent. 

On  the  other  hand,  the  physicist,  as  a  general  rule,  does  not  rest 
satisfied  unless  he  obtains  a  quantitative  estimate  of  various  causes  and 
eflfects  on  the  systems  of  matter  which  he  discusses.  Yet  there  are  some 
problems  of  physical  evolution  in  which  the  conditions  are  so  complex 
that  the  physicist  is  driven,  as  is  the  biologist,  to  rest  satisfied  with 
qualitative  rather  than  quantitative  conclusions.  But  he  is  not  content 
with  such  crude  conclusions  except  in  the  last  resort,  and  he  generally 
prefers  to  proceed  by  a  different  method. 

The  mathematician  mentally  constructs  an  ideal  mechanical  system  or 
model,  which  is  intended  to  represent  in  its  leading  features  the  system 
he  wants  to  examine.  It  is  often  a  task  of  the  utmost  difficulty  to  devise 
such  a  model,  and  the  investigator  may  perchance  unconsciously  drop  out 
as  unimportant  something  which  is  really  essential  to  represent  actuality. 
He  next  examines  the  conditions  of  his  ideal  system,  and  determines,  if 
he  can,  all  the  possible  stable  and  unstable  configurations,  together  with 
the  circumstances  which  will  cause  transitions  from  one  to  the  other? 
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Even  when  the  working  model  has  been  successfully  imagined,  this  latter 
task  may  often  overtax  the  powers  of  the  mathematician.  Finally  it 
remains  for  him  to  apply  his  results  to  actual  matter,  and  to  form  a 
judgment  of  the  extent  to  which  it  is  justifiable  to  interpret  Nature  by 
means  of  his  results. 

The  remainder  of  my  address  will  be  occupied  by  an  account  of 
various  investigations  which  will  illustrate  the  principles  and  methods 
which  I  have  now  explained  in  general  terms. 


The  fascinating  idea  that  matter  of  all  kinds  has  a  common  sub- 
stratum is  of  remote  antiquity.  In  the  Middle  Ages  the  alchemists, 
inspired  by  this  idea,  conceived  the  possibility  of  transforming  the  baser 
metals  into  gold.  The  sole  difficulty  seemed  to  them  the  discovery  of  an 
appropriate  series  of  chemical  operations.  We  now  know  that  they 
were  always  indefinitely  far  from  the  goal  of  their  search,  yet  we  must 
accord  to  them  the  honour  of  having  been  the  pioneers  of  modem 
chemistry. 

The  object  of  alchemy,  as  stated  in  modern  language,  was  to  break 
up  or  dissociate  the  atoms  of  one  chemical  element  into  its  component 
parts,  and  afterwards  to  reunite  them  into  atoms  of  gold.  Although  even 
the  dissociative  stage  of  the  alchemistic  problem  still  lies  far  beyond  the 
power  of  the  chemist,  yet  modem  researches  seem  to  furnish  a  suffi- 
ciently clear  idea  of  the  structure  of  atoms  to  enable  us  to  see  what 
would  have  to  be  done  to  effect  a  ti-ansformation  of  elements.  Indeed,  in 
the  complex  changes  which  are  found  to  occur  spontaneously  in  uranium, 
radium,  and  the  allied  metals  we  are  probably  watching  a  spontaneous 
dissociation  and  transmutation  of  elements. 

Natural  Selection  may  seem,  at  first  sight,  as  remote  as  the  poles 
asunder  from  the  ideas  of  the  alchemist,  yet  dissociation  and  transmuta- 
tion depend  on  the  instability  and  regained  stability  of  the  atom,  and 
the  survival  of  the  stable  atom  depends  on  the  principle  of  Natural 
Selection. 

Until  some  ten  years  ago  the  essential  diversity  of  the  chemical 
elements  was  accepted  by  the  chemist  as  an  ultimate  fact,  and  indeed  the 
very  name  of  atom,  or  that  which  cannot  be  cut,  was  given  to  what 
was  supposed  to  be  the  final  indivisible  portion  of  matter.  The  chemist 
thus  proceeded  in  much  the  same  way  as  the  biologist  who,  in  discussing 
evolution,  accepts  the  species  as  his  working  unit.  Accordingly,  until 
recently  the  chemist  discussed  working  models  of  matter  of  atomic 
stmcture,  and  the  vast  edifice  of  modern  chemistry  has  been  built  with 
atomic  bricks. 

But  within  the  last  few  years  the  electrical  researches  of  Lenard, 
Kontgen,  Becquerel,  the  Curies,  of  my  colleagues  Larmor  and  Thomson, 
and  of  a  host  of  others,  have  shown  that  the  atom  is  not  indivisible,  and 
a  fiood  of  light  has  been  thrown  thereby  on  the  ultimate  constitution  of 
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matter.  Amongst  all  these  fertile  investigators  it  seems  to  me  that 
Thomson  stands  pre-eminent,  because  it  is  principally  through  him  that 
we  are  to-day  in  a  better  position  for  picturing  the  structure  of  an  atom 
than,  was  ever  the  case  before. 

£ven  if  I  had  the  knowledge  requisite  for  a  complete  exposition  of 
dieae  investigations,  the  limits  of  time  would  compel  me  to  confine  myself 
to  those  parts  of  the  subject  which  bear  on  the  constitution  and  origin  of 
the  elements. 

It  has  been  shown,  then,  that  the  atom,  previously  supposed  to  be 
indivisible,  -  really  consists  of  a  large  number  of  component  parts.  By 
various  convergent  lines  of  experiment  it  has  been  proved  that  the 
simplest  of  all  atoms,  namely  that  of  hydrogen,  consists  of  about  800 
separate  parts  ;  while  the  number  of  parts  in  the  atom  of  the  denser 
metals  must  be  counted  by  tens  of  thousands.  These  separate  parts  of 
the  atom  have  been  called  corpuscles  or  electrons,  and  may  be  described 
as  particles  of  negative  electricity.  It  is  paradoxical,  yet  true,  that  the 
physicist  kno^s  more  about  these  ultra-atomic  corpuscles  and  can  more 
easily  count  them  than  is  the  case  with  the  atoms  of  which  they  form 
the  parts. 

The  corpuscles,  being  negatively  electrified,  repel  one  another  just  as 
the  hairs  on  a  person's  head  mutually  repel  one  another  when  combed 
with  a  vulcanite  comb.  The  mechanism  is  as  yet  obscure  whereby  the 
mutual  repulsion  of  the  negative  corpuscles  is  restrained  from  breaking 
up  the  atom,  but  a  positive  electrical  charge,  or  something  equivalent 
thereto,  must  exist  in  the  atom,  so  as  to  prevent  disruption.  The 
existence  in  the  atom  of  this  community  of  negative  corpuscles  is  certain, 
and  we  know  further  that  they  are  moving  with  speeds  which  may  be 
in  some  cases  comparable  to  the  velocity  of  light,  namely,  200,000  miles 
a  second.  But  the  mechanism  whereby  they  are  held  together  in  a  group 
is  hypothetical 

It  is  only  just  a  year  ago  that  Thomson  suggested,  as  representing  the 
atom,  a  mechanical  or  electrical  model  whose  properties  could  be  accu- 
rately examined  by  mathematical  methods.  He  would  be  the  first  to 
admit  that  his  model  is  at  most  merely  a  crude  representation  of  actuality, 
yet  he  has  been  able  to  show  that  such  an  atom  must  possess  mechanical 
and  electrical  properties  which  simulate,  with  what  Whetham  describes 
as  *  almost  Satanic  exactness/  some  of  the  most  obscure  and  yet  most 
fondamental  properties  of  the  chemical  elements.  '  Se  non  h  vero,  h  ben 
trovato/  and  we  are  surely  justified  in  believing  that  we  have  the  clue 
which  the  alchemists  sought  in  vain. 

Thomson's  atom  consists  of  a  globe  homogeneously  charged  with  positive 
electricity,  inside  which  there  are  one  or  more  thousands  of  corpuscles 
of  nq;ative  electricity,  revolving  in  regular  orbits  with  great  velocities. 
Since  two  electrical  charges  repel  each  other  if  they  are  of  the  same 
kind,  and  attract  each  other  if  they  are  of  opposite  kinds,  the  corpuscles 
mntually  repel  one  another,  but  all  are  attracted  by  the  positive  electricity 
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distributed  throughout  the  globe.  The  forces  calleil  into  play  by  these  elec- 
trical interactions  are  clearly  very  complicated,  and  you  will  not  be  sur- 
prised to  Jeam  that  Thomson  found  himself  compelled  to  limit  his  detailed 
examination  of  the  model  atom  to  one  containing  about  seventy  corpuscles. 
It  is  indeed  a  triumph  of  mathematical  power  to  have  determined  the 
mechanical  conditions  of  such  a  miniature  planetary  system  as  I  have 
described. 

It  appears  that  in  general  there  ars  definite  arrangements  of  the 
orbits  in  which  the  corpuscles  must  revolve,  if  they  are  to  be  persistent 
or  stable  in  their  motions.  But  the  number  of  corpuscles  in  such  a  com- 
munity is  not  absolutely  fixed.  It  is  easy  to  see  that  we  might  add  a 
minor  planet,  or  indeed  half  a  dozen  minor  planets,  to  the  solar  system 
without  any  material  derangement  of  the  whole ;  but  it  would  not  be 
possible  to  add  a  hundred  planets  with  an  aggregate  mass  equal  to  that 
of  Jupiter  without  disorganisation  of  the  solar  system.  So  also  we  might 
add  or  subtract  from  an  atom  three  or  four  corpuscles  from  a  system 
containing  a  thousand  corpuscles  moving  in  regular  orbits  without  any 
profound  derangement.  As  each  arrangement  of  orbits  corresponds  to 
the  atom  of  a  distinct  element,  we  may  say  that  the  addition  or  subtrac- 
tion of  a  few  corpuscles  to  the  atom  will  not  effect  a  transmutation  of 
elements.  An  atom  which  has  a  deficiency  of  its  full  complement  of  cor- 
puscles, which  it  will  be  remembered  are  negative,  will  be  positively 
electrified,  while  one  with  an  excess  of  corpuscles  will  be  negatively  elec- 
trified. I  have  referred  to  the  possibility  of  a  deficiency  or  excess  of 
corpuscles  because  it  is  important  in  Thomson's  theory  ;  but,  as  it  is  not 
involved  in  the  point  of  view  which  I  wish  to  take,  I  will  henceforth  only 
refer  to  the  normal  or  average  number  in  any  arrangement  of  corpuscles. 
Accordingly  we  may  state  that  definite  numbers  of  corpuscles  are  capable 
of  association  in  stable  communities  of  definite  types. 

An  infinite  number  of  communities  are  possible,  possessing  greater  or 
lesser  degrees  of  stability.  Thus  the  corpuscles  in  one  such  community 
might  make  thousands  of  revolutions  .in  their  orbits  before  instability 
declared  itself  ;  such  an  atom  might  perhaps  last  for  a  long  time  as  esti- 
mated in  million ths  of  seconds,  but  it  must  finally  break  up  and  the 
corpuscles  must  disperse  or  rearrange  themselves  after  the  ejection  of 
some  of  their  number.  We  are  thus  led  to  conjectui'e  that  the  several 
chemical  elements  represent  those  different  kinds  of  communities  of  cor- 
puscles which  have  proved  by  their  stability  to  be  successful  in  the 
struggle  for  life.  If  this  is  so,  it  is  almost  impossible  to  believe  that  the 
successful  species  have  existed  for  all  time,  and  we  must  hold  that  they 
originated  under  conditions  about  which  I  must  forbear  to  follow  Sir 
Norman  Lockyer  in  speculating.* 

But  if  the  elements  were  not  eternal  in  the  past,  we  must  ask 
whether   there  is  reason  to  believe  that  they  will  be    eternal   in    the 


Inorganw  Evoltition,  Macmillan.  190@^gitized  byGoOQlc 


ADDRESS.  13 

futare.  Now,  altliODgh  the  conception  of  the  decay  of  an  element  and 
its  spontaneous  transmutation  into  another  element  would  have  seemed 
abeolutelj  repugnant  to  the  chemist  until  recently,  yet  analogy  with  other 
moving  systems  seems  to  suggest  that  the  elements  are  not  eternal. 

At  any  rate  it  is  of  interest  to  pursue  to  its  end  the  history  of  the 
model  atom  which  has  proved  to  be  so  successful  in  imitating  the  pro- 
perties of  matter.  The  laws  which  govern  electricity  in  motion  indicate 
that  such  an  atom  must  be  radiating  or  losing  energy,  and  therefore  a 
time  must  come  when  it  will  run  down,  as  a  clock  does.  When  this 
time  comes  it  will  spontaneously  transmute  itself  into  an  element  which 
needs  less  energy  than  was  required  in  the  former  state.  Thomson  con- 
ceives that  an  atom  might  be  constructed  after  his  model  so  that  its  decay 
should  be  very  slow.  It  might,  he  thinks,  be  made  to  run  for  a  million 
years  or  more,  but  it  would  not  be  eternal. 

Such  a  conclusion  is  in  absolute  contradiction  to  all  that  was  known 
of  the  elements  until  recently,  for  no  symptoms  of  decay  are  perceived, 
and  the  elements  existing  in  the  solar  system  must  already  have  lasted 
for  millions  of  years.  Nevertheless,  there  is  good  reason  to  believe  that 
in  radium,  and  in  other  elements  possessing  very  complex  atoms,  we  do 
actually  observe  that  break-up  and  spontaneous  rearrangement  which 
constitute  a  transmutation  of  elements. 

It  is  impossible  as  yet  to  say  how  science  will  solve  this  difficulty,  but 
future  discovery  in  this  field  must  surely  prove  deeply  interesting.*  It 
may  well  be  that  the  train  of  thought  which  I  have  sketched  will  ulti- 
mately profoundly  affect  the  material  side  of  human  life,  however  remote 
it  may  now  seem  from  our  experiences  oiE  daily  life. 

I  have  not  as  yet  made  any  attempt  to  represent  the  excessive  minute- 
ness of  the  corpuscles,  of  whose  existence  we  are  now  so  confident ;  but, 
as  an  introduction  to  what  I  have  to  speak  of  next,  it  is  necessary  to  do 
BO.  To  obtain  any  adequate  conception  of  their  size  we  must  betake  our- 
selves to  a  scheme  of  threefold  magnification.  Lord  Kelvin  has  shown 
that,  if  a  drop  of  water  were  magnified  to  the  size  of  the  earth,  the  mole- 
cules of  water  would  be  of  a  size  intermediate  between  that  of  a  cricket- 
ball  and  of  a  marble.  Now  each  molecule  contains  three  atoms,  two 
being  of  hydrogen  and  one  of  oxygen.  The  molecular  system  probably 
presents  some  sort  of  analogy  with  that  of  a  triple  star  ;  the  three  atoms, 
replacing  the  stars,  revolving  about  one  another  in  some  sort  of  dance 
which  cannot  be  exactly  described.  I  doubt  whether  it  is  possible  to  say 
how  laige  a  part  of  the  space  occupied  by  the  whole  molecule  is  occupied 
by  the  atoms  ;  but  perhaps  the  atoms  bear  to  the  molecule  some  such 
relationship  as  the  molecule  to  the  drop  of  water  referred  to.  Finally, 
the  corpuscles  may  stand  to  the  atom  in  a  similar  scale  of  magnitude. 
Accordingly  a  threefold  magnification  would  bo  needed  to  bring  these 

'  The  view  that  the  elements  are  not  absolately  permanent  seems  to  be  gaining 
grcund.  See  correspondence  in  IVdiure :  D.  Murray^  December  7 ;  Soddy  and 
Ouopbell.  December  14. 1905.  ^.^  ,.^^^  ^^  GoOgk 
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ultimate  parts  of.  the  atom  within  the  range  of  our  ordinary  scales  of 
measurement. 

I  have  already  considered  what  would  be  observed  under  the  triply 
powerful  microscope,  and  must  now  return  to  the  intermediate  stage  of 
magnification,  in  which  we  consider  those  communities  of  atoms  which 
form  molecules.  This  is  the  field  of  research  of  the  chemist.  Although 
prudence  would  tell  me  that  it  would  be  wiser  not  to  speak  of  a  subject  of 
which  I  know  so  little,  yet  I  cannot  refrain  from  saying  a  few  words. 

The  community  of  atoms  in  water  has  been  compared  with  a  triple 
star,  but  there  are  others  known  to  the  chemist  in  which  the  atoms  are 
to  be  counted  by  fifties  and  hundreds,  so  that  they  resemble  constella- 
tions. 

I  conceive  that  here  again  we  meet  with  conditions  similar  to  those 
which  we  have  supposed  to  exist  in  the  atom.  Communities  of  atoms 
are  called  chemical  combinations,  and  we  know  that  they  possess  every 
degree  of  stability.  The  existence  of  some  is  so  precarious  that  the 
chemist  in  his  laboratory  can  barely  retain  them  for  a  moment ;  others 
are  so  stubborn  that  he  can  barely  break  them  up.  In  this  case  dissocia- 
tion and  reunion  into  new  forms  of  communities  are  in  incessant  and 
spontaneous  progress  throughout  the  world.  The  more  persistent  or  more 
stable  combinations  succeed  in  their  struggle  for  life,  and  are  found  in 
vast  quantities,  as  in  the  cases  of  common  salt  and  of  the  combinations 
of  silicon.  But  no  one  has  ever  found  a  mine  of  gun-cotton,  because  it 
has  so  slight  a  power  of  resistance.  If,  through  some  accidental  colloca- 
tion of  elements,  a  jingle  molecule  of  gun-cotton  were  formed,  it  would 
have  but  a  short  life. 

Stability  is,  further,  a  property  of  relationship  to  surrounding  con- 
ditions ;  it  denotes  adaptation  to  environment.  Thus  salt  is  adapted*  to 
the  struggle  for  existence  on  the  earth,  but  it  cannot  withstand  the 
severer  conditions  which  exist  in  th^  sun. 

Thus  far  we  have  been  concerned  with  the  almost  inconceivably 
minute,  and  I  now  propose  to  show  that  similar  conditions  prevail  on  a 
larger  scale. 

Many  geological  problems  might  well  be  discussed  from  my  present 
point  of  view,  yet  I  shall  pass  them  by,  and  shall  proceed  at  once  to 
Astronomy,  beginning  with  the  smallest  cosmical  scale  of  magnitude,  and 
considering  afterwards  the  larger  celestial  phenomena. 

The  problems  of  cosmical  evolution  are  so  complicated  that  it  ia  well 
to  conduct  the  attack  in  various  ways  at  the  same  time.  Although  the 
several  theories  may  seem  to  some  extent  discordant  with  one  another, 
yet,  as  I  have  already  said,  we  ought  not  to  scruple  to  carry  each  to  its 
logical  conclusion.  We  may  be  confident  that  in  time  the  false  will  be 
eliminated  from  each  theory,  and  when  the  true  alone  remains  the  recon- 
ciliation of  apparent  disagreements  will  have  become  obvious. 

The  German  astronomer  Bode  long  ago  propounded  a  simple  empirical 
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law  ooDceming  tbe  distances  at  which  the  several  planets  move  about  the 
miD.  It  ia  true  that  the  planet  Neptune,' discovered  subsequently,  was 
found  to  be  oonsiderablj  out  of  the  place  which  would  be  assigned  to  it 
hf  Bode's  law,  yet  his  formula  embraces  so  large  a  number  of  cases  with 
accuracy  that  we  are  compelled  to  believe  that  it  arises  in  some  manner 
from  the  primitive  conditions  of  the  planetary  system. 

The  explanation  of  the  causes  which  have  led  to  this  simple  law  as  to 
the  planetary  distances  presents  an  interesting  problem,  and,  although  it 
is  still  unBolved,  we  may  obtain  some  insight  into  its  meaning  by  con- 
sidering what  I  have  called  a  working  model  of  ideal  simplicity. 

Imagine  then  a  sun  round  which  there  moves  in  a  circle  a  single 
large  planet.  I  will  call  this  planet  Jove,  because  it  may  be  taken  as 
a  Tepresentative  of  our  largest  planet,  Jupiter.  Suppose  next  that  a 
meteoric  stone  or  small  planet  is  projected  in  any  perfectly  arbitrary 
manner  in  the  same  plane  in  which  Jove  is  moving ;  then  we  ask  how 
this  third  body  will  move.  The  conditions  imposed  may  seem  simple, 
yet  the  problem  has  so  far  overtaxed  the  powers  of  the  mathematician 
that  nothing  approaching  a  general  answer  to  our  question  has  yet  been 
given.  We  know,  however,  that  under  the  combined  attractions  of  the 
ran  and  Jove  the  meteoric  stone  will  in  general  describe  an  orbit  of 
extraordinary  complexity,  at  one  time  moving  slowly  at  a  great  distance 
from  both  the  sun  and  Jove,  at  other  times  rushing  close  past  one  or 
otiier  of  them.  As  it  grazes  past  Jove  or  the  sun  it  may  often  but  just 
escape  a  catastrophe,  but  a  time  will  come  at  length  when  it  runs  its 
chances  too  fine  and  comes  into  actual  collision.  The  individual  career 
of  the  stone  is  tiien  ended  by  absorption,  and  of  course  by  far  the  greater 
chance  is  that  it  will  find  its  Nirvana  by  absorption  in  the  sun. 

Next  let  us  suppose  that  instead  of  one  wandering  meteoric  stone  or 
minor  planet  there  are  hundreds  of  them,  moving  initially  in  all  con- 
eeivable  directions.  Since  they  are  all  supposed  to  be  very  small,  their 
mutual  attractions  will  be  insignificant,  and  they  will  each  move  almost 
as  though  they  were  influenced  only  by  the  sun  and  Jove.  Most  of  these 
stones  will  be  absorbed  by  the  sun,  and  the  minority  will  coUide  with  Jove. 
When  we  inquire  how  long  the  career  of  a  stone  may  be,  we  find 
that  it  depends  on  the  direction  and  speed  with  which  it  is  started,  and 
tiiat  by  proper  adjustment  the  delay  of  the  final  catastrophe  may  be  made 
as  long  as  we  please.  Thus  by  making  the  delay  indefinitely  long  we 
reach  the  conception  of  a  meteoric  stone  which  moves  so  as  never  to  come 
into  collision  with  either  body. 

There  are,  therefore,  certain  perpetual  orbits  in  which  a  meteoric 
stone  or  minor  planet  may  move  for  ever  without  collision.  But  when 
rach  an  immortal  career  has  been  discovered  for  our  minor  planet,  it  still 
remains  to  discover  whether  the  slightest  possible  departure  from  the 
prescribed  orbit  will  become  greater  and  greater  and  ultimately  lead  to  a 
collision  with  the  sun  or  Jove,  or  whether  the  body  will  travel  so  as  to 
cross  and  recross  tho  exact  perpetual  orbit,  always  remaining  close  to  it. 
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If  the  slightest  departure  inevitably  increases  as  time  goes  on,  the  orbit 
is  unstable  ;  if,  on  the  other  hand,  it  only  leads  to  a  slight  waviness  in  the 
path  described,  it  is  stable. 

We  thus  arrive  at  another  distinction  :  there  are  perpetual  orbits, 
but  some,  -  and  indeed  most,  are  unstable,  and  these  do  not  offer  an 
immortal  career  for  a  meteoric  stone;  and  there  are  other  perpetual 
orbits  which  are  stable  or  persistent.  The  unstable  ones  are  those  which 
succumb  in  the  struggle  for  life,  and  the  stable  ones  are  the  species 
adapted  to  their  environment. 

Tf,  then,  we  are  given  a  system  of  a  sun  and  large  planet^  together 
with  a  swarm  of  small  bodies  moving  in  all  sorts  of  ways,  the  sun  and 
planet  will  grow  by  accretion,  gradually  sweeping  up  the  dust  and 
rubbish  of  the  system,  and  there  will  survive  a  number  of  small  planets 
and  satellites  moving  in  certain  definite  paths.  The  final  outcome  will  be 
an  orderly  planetary  system  in  which  the  various  orbits  are  arranged 
according  to  some  definite  law. 

But  the  problem  presented  even  by  a  system  of  such  ideal  simplicity 
is  still  far  from  having  received  a  complete  solution.  No  general  plan  for 
determining  perpetual  orbits  has  yet  been  discovered,  and  the  task  of  dis- 
criminating the  stable  from  the  unstable  is  arduous.  But  a  beginning 
has  been  made  in  the  determination  of  some  of  the  zones  surrounding  the 
sun  and  Jove  in  which  stable  orbits  are  possible,  and  others  in  which 
they  are  impossible.  There  is  hardly  room  for  doubt  that  if  a  complete 
solution  for  our  solar  system  were  attainable,  we  should  find  that 
the  orbits  of  the  existing  planets  and  satellites  are  numbered  amongst 
the  stable  perpetual  orbits,  and  should  thus  obtain  a  rigorous  mechanical 
explanation  of  Bode's  law  concerning  the  planetary  distances. 

It  is  impossible  not  to  be  struck  by  the  general  similarity  between  the 
problem  presented  by  the  corpuscles  moving  in  orbits  in  the  atom,  and 
that  of  the  planets  and  satellites  moving  in  a  planetary  system.  It  may 
not,  perhaps,  be  fanciful  to  imagine  that  some  general  mathematical  method 
devised  for  solving  a  problem  of  cosmical  evolution  may  find  another 
application  to  miniature  atomic  systems,  and  may  thus  lead  onward  to 
vast  developments  of  industrial  mechanics.  Science,  however  diverse  its 
aims,  is  a  whole,  and  men  of  science  do  well  to  impress  on  the  captains  of 
industry  that  they  should  not  look  askance  on  those  branches  of  investi- 
gation which  may  seem  for  the  moment  far  Ijeyond  any  possibility  of 
practical  utility. 

You  will  remember  that  I  discussed  the  question  as  to  whether  the 
atomic  communities  of  corpuscles  could  be  regarded  as  absolutely  eternal, 
and  that  I  said  that  the  analogy  of  other  moving  systems  pointed  to  their 
ultimate  mortality.  Now  the  chief  analogy  which  I  had  in  my  mind  was 
that  of  a  planetary  system. 

The  orbits  of  which  I  have  spoken  are  only  perpetual  when  the  bodies 
are  infinitesimal  in  mass,  and  meet  with  no  resistance  as  they  move. 
Now  the  infinitesimal  body  does  not  exist,  and  both  Lord  Kelvin  and 
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Poincare  concur  in  holding  that  disturbance  will  ultimately  creep  into 
any  system  of  bodies  moving  even  in  so-called  stable  orbits  ;  and  this  is 
so  even  apart  from  the  resistance  offered  to  the  moving  bodies  by  any 
residaal  gas  there  may  be  scattered  through  space.  The  stability  is 
therefore  only  relative,  and  a  planetary  system  contains  the  seeds  of  its 
own  destruction.  But  this  ultimate  fate  need  not  disturb  us  either 
practically  or  theoretically,  for  the  solar  system  contains  in  itself  other 
seeds  of  decay  which  will  probably  bear  fruit  long  before  the  occurrence 
of  any  serious  disturbance  of  the  kind  of  which  I  speak. 

Hefore  passing  on  to  a  new  topic  I  wish  to  pay  a  tribute  to  the  men 
to  i^hom  we  owe  the  recent  great  advances  in  theoretical  dynamical 
astronomy.  As  treated  by  the  master-hands  of  Lagrange  and  Laplace 
and  their  successors,  this  branch  of  science  hardly  seemed  to  afford  scope 
for  any  great  new  departure.  But  that  there  is  always  room  for  dis- 
covery, even  in  the  most  frequented  paths  of  knowledge,  was  illustrated 
when,  nearly  thirty  years  ago.  Hill  of  Washington  proposed  a  new 
method  of  treating  the  theory  of  the  moon's  motion  in  a  series  of  papers 
which  have  become  classical.  I  have  not  time  to  speak  of  the  enormous 
labour  and  great  skill  involved  in  the  completion  of  Hill's  Lunar  Theory, 
by  Ernest  Brown,  whom  I  am  glad  to  number  amongst  my  pupils  and 
friends  ;  for  I  must  confine  myself  to  other  aspects  of  Hill's  work. 

The  title  of  Hill's  most  fundamental  paper,  namely,  '  On  Part  of  the 
Motion  of  the  Lunar  Perigee,'  is  almost  comic  in  its  modesty,  for  who 
would  suspect  that  it  contains  the  essential  points  involved  in  the  deter- 
mination of  perpetual  orbits  and  their  stability  ?  Probably  Hill  himself 
did  not  fully  realise  at  the  time  the  full  importance  of  what  he  had  done. 
Fortunately  he  was  followed  by  Poincarc^,  who  not  only  saw  its  full  meaning 
but  devoted  his  incomparable  mathematical  powers  to  the  full  theoretical 
development  of  the  point  of  view  I  have  been  laying  before  you. 

Other  mathematicians  have  also  made  contributions  to  this  line  of 
investigation,  amongst  whom  I  may  number  my  friend  Mr.  Hough, 
chief  assistant  at  the  Royal  Observatory  of  Cape  Town,  and  myself.  But 
without  the  work  of  our  two  great  forerunners  we  should  still  l^e  in  utter 
darkness,  and  it  would  have  been  impossible  to  give  even  this  slight 
sketch  of  a  great  subject. 

The  theory  which  I  have  now  explained  points  to  the  origin  of  the 
sun  and  planets  from  gradual  accretions  of  meteoric  stones,  and  it 
makes  no  claim  to  carry  the  story  back  behind  the  time  when  there  was 
already  a  central  condensation  or  sun  about  which  there  circled  another 
condensation  or  planet.  But  more  than  a  century  ago  an  attempt  had 
already  been  made  to  reconstruct  the  history  back  to  a  yet  remoter  past, 
and,  as  we  shall  see,  this  attempt  was  based  upon  quite  a  different  sup- 
position as  to  the  constitution  of  the  primitive  solar  system.  I  myself 
believe  that  the  theory  I  have  just  explained,  as  well  as  that  to  which  I 
am  coming,  contains  essential  elements  of  truth,  and  that  the  apparent 
discordances  will  some  day  be  i^ecgnciled.  The  theory  of  which  I  speal^ 
J905.  c 


18  REPORT— 1905. 

is  the  celebrated  Nebular  Hypothesis,  first  suggested  by  the  German 
philosopher  Kant,  and  later  restated  independently  and  in  better  form 
by  the  French  mathematician  Laplace. 

Laplace  traced  the  origin  of  the  solar  system  to  a  nebula  or  cloud  of 
rarefied  gas  congregated  round  a  central  condensation  which  was  ulti- 
mately to  form  the  sun.  The  whole  was  slowly  rotating  about  an  axis 
through  its  centre,  and,  under  the  combined  infiuences  of  rotation  and  of 
the  mutual  attraction  of  the  gas,  it  assumed  a  globular  form,  slightly 
flattened  at  the  poles.  The  justifiability  of  this  supposition  is  confirmed 
by  the  observations  of  astronomers,  for  they  find  in  the  heavens  many 
nebulae,  while  the  spectroscope  proves  that  their  light  at  any  rate  is 
derived  from  gas.  The  primeval  globular  nebula  is  undoubtedly  a  stable 
or  persistent  figure,  and  thus  Lapla.ce's  hypothesis  conforms  to  the  general 
laws  which  I  have  attempted  to  lay  down. 

The  nebula  must  have  gradually  cooled  by  radiation  into  space,  and  as 
it  did  so  the  gas  must  necessarily  have  lost  some  of  its  spring  or  elasticity. 
This  loss  of  power  of  resistance  then  permitted  the  gas  to  crowd  more 
closely  towai*ds  the  central  condensation,  so  that  the  nebula  contracted. 
The  contraction  led  to  two  results,  both  inevitable  according  to  the  laws 
of  mechanics  :  first,  the  central  condensation  became  hotter ;  and, 
secondly,  the  speed  of  its  rotation  became  faster.  The  accelerated  rota- 
tion led  to  an  increase  in  the  amount  of  polar  flattening,  and  the  nebula 
at  length  assumed  the  form  of  a  lens,  or  of  a  disk  thicker  in  the  middle 
than  at  the  edges.  Assuming  the  existence  of  the  primitive  nebula,  the 
hypothesis  may  be  accepted  thus  far  as  practically  certain. 

From  this  point,  however,  doubt  and  difficulty  enter  into  the  argu- 
ment. It  is  supposed  that  the  nebula  became  so  much  flattened  that  it 
could  not  subsist  as  a  continuous  aggregation  of  gas,  and  a  ring  of  matter 
detached  itself  from  the  equatorial  regions.  The  central  portions  of  the 
nebula,  when  relieved  of  the  excrescence,  resumed  the  more  rounded 
shape  formerly  possessed  by  the  whole.  As  the  cooling  continued  the 
central  portion  in  its  turn  became  excessively  flattened  through  the  influ- 
ence of  its  increased  rotation  ;  another  equatorial  ring  then  detached 
itself,  and  the  whole  process  was  repented  as  before.  In  this  way  the 
whole  nebula  was  fissured  into  a  number  of  rings  surrounding  the  central 
condensation,  whose  temperature  must  by  then  have  reached  incandescence. 

Each  ring  then  aggregated  itself  round  some  nucleus  which  hap- 
pened to  exist  in  its  circumference,  and  so  formed  a  subordinate  nebula. 
Passing  through  a  series  of  transformations,  like  its  parent,  this  nebula 
was  finally  replaced  by  a  planet  with  attendant  satellites. 

The  whole  process  forms  a  majestic  picture  of  the  history  of  our 
system.  But  the  mechanical  conditions  of  a  rotating  nebula  are  too  com- 
plex to  admit,  as  yet,  of  complete  mathematical  treatment ;  and  thus,  in 
discussing  this  theory,  the  physicist  is  compelled  in  great  measure  to  adopt 
the  qualitative  methods  of  the  biologist,  rather  than  the  quantitative 
ones  which  he  would  prefer.  GoO^Ic 

The  telescope  seems  to  confirm  the  general  correctness  or  Laplace's 
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hypothesis.  Thus,  for  example,  the  great  nebula  in  Andromeda  presents 
a  grand  illustration  of  what  we  may  take  to  be  a  planetary  system  in 
ooorse  of  formation.  In  it  we  see  the  central  condensation  surrounded 
by  a  more  or  less  ring-like  nebulosity,  and  in  one  of  the  rings  there  appears 
to  be  a  subordinate  condensation. 

Nevertheless  it  is  hardly  too  much  to  say  that  every  stage  in  the  sup- 
posed process  presents  to  us  some  difficulty  or  impossibility.  Thus  we 
ask  whether  a  mass  of  gas  of  almost  inconceivable  tenuity  can  really 
rotate  all  in  one  piece,  and  whether  it  is  not  more  probable  that  there 
would  be  a  central  whirlpool  surrounded  by  more  slowly  moving  parts. 
Again,  is  there  any  sufficient  reason  to  suppose  that  a  series  of  intermit- 
tent efforts  would  lead  to  the  detachment  of  distinct  rings,  and  is  not  a 
continuous  outflow  of  gas  from  the  equator  more  probable  ? 

The  ring  of  Saturn  seems  to  have  suggested  the  theory  to  Laplace  ;  but 
to  take  it  as  a  model  leads  us  straight  to  a  quite  fundamental  difficulty. 
If  a  ring  of  matter  ever  concentrates  under  the  influence  of  its  mutual 
attraction,  it  can  only  do  so  round  the  centre  of  gravity  of  the  whole 
ring.  Therefore  the  matter  forming  an  approximately  uniform  ring,  if  it 
concentrates  at  all,  can  only  fall  in  on  the  parent  planet  and  be  re- 
absorbed. Borne  external  force  other  than  the  mutual  attraction  of  the 
matter  forming  the  ring,  and  therefore  not  provided  by  the  theory,  seems 
necessary  to  effect  the  supposed  concentration.  The  only  way  of  avoiding 
this  difficulty  is  to  suppose  the  ring  to  be  ill- balanced  or  lop-sided ;  in 
this  case,  provided  the  want  of  balance  is  pronounced  enough,  concentra- 
tion will  take  place  round  a  point  inside  the  ring  but  outside  the  planet. 
Many  writers  assume  that  the  present  distances  of  the  planets  preserve 
the  dimensions  of  the  primitive  rings  ;  but  the  argument  that  a  ring  can 
only  aggr^ate  about  its  centre  of  gravity,  which  I  do  not  recollect  to  have 
seen  before,  shows  that  such  cannot  be  the  case. 

The  concentration  of  an  ill-balanced  or  broken  ring  on  an  interior 
point  would  necessarily  generate  a  planet  with  direct  rotation — that  is  to 
say,  rotating  in  the  same  direction  as  the  earth.  But  several  writers,  and 
notably  Faye,  endeavour  to  show — erroneously  as  I  think — that  a  retro- 
grade rotation  should  be  normal,  and  they  are  therefore  driven  to  make 
various  complicated  suppositions  to  explain  the  observed  facts.  But  I  do 
not  claim  to  have  removed  the  difficulty,  only  to  have  shifted  it ;  for  the 
eatellites  of  Neptune,  and  presumably  the  planet  itself,  have  retrograde 
rotations ;  and,  lastly,  the  astonishing  discovery  has  just  been  made  by 
William  Pickering  of  a  ninth  retrograde  satellite  of  Saturn,  while  the 
rotations  of  the  eight  other  satellites,  of  the  ring  and  of  the  planet  itself, 
are  direct.  Finally,  I  express  a  doubt  as  to  whether  the  telescope  does 
really  exactly  confirm  the  hypothesis  of  Laplace,  for  I  imagine  that  what 
we  see  indicates  a  spiral  rather  than  a  ring-like  division  of  nebulae,' 

^  ProfesBor  Chamberlio,  of  Chicago,  has  recently  proposed  a  modified  form  of  the 
NebtUar  Hypothesis,  la  which  he  contends  that  the  spiral  form  is  normal.  See  Year 
Book,  No.  3,  for  1904,  of  the  Camejrie  Institution  of  Washington,  pp.  195-258. ^^T^ 
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This  is  not  the  time  to  pursue  these  considerations  further,  but  enough 
has  been  said  to  show  that  the  Nebular  Hypothesis  cannot  be  considered 
as  a  connected  intelligible  whole,  however  much  of  truth  it  maj  contain. 

In  the  first  theory  which  I  sketched  as  to  the  origin  of  the  sun  and 
planets,  we  supposed  them  to  grow  by  the  accretions  of  meteoric  wan- 
derers in  space,  and  this  hypothesis  is  apparently  in  fundamental  disagree- 
ment with  the  conception  of  Laplace,  who  watches  the  transformations 
of  a  continuous  gaseous  nebula.  Some  years  ago  a  method  occurred  to  me 
by  which  these  two  discordant  schemes  of  origin  might  perhaps  be  recon- 
ciled. A  gas  is  not  really  continuous,  but  it  consists  of  a  vast  number  of 
molecules  moving  in  all  directions  with  great  speed  and  frequently  coming 
into  collision  with  one  another.  Now  I  have  ventured  to  suggest  that  a 
swarm  of  meteorites  would,  by  frequent  collisions,  form  a  medium  endowed 
with  so  much  of  the  mechanical  properties  of  a  gas  as  would  satisfy 
Laplace's  conditions.  If  this  is  so,  a  nebula  may  be  regarded  as  a  quasi- 
gas,  whose  molecules  are  meteorites.  The  gaseous  luminosity  which  un- 
doubtedly is  sent  out  by  nebulaB  would  then  be  due  only  to  incandescent 
gas  generated  by  the  clash  of  meteorites,  while  the  dark  bodies  themselves 
would  remain  invisible.  Sir  Norman  Lockyer  finds  spectroscopic  evi- 
dence which  led  him  long  ago  to  some  such  view  as  this,  and  it  is  certainly  of 
interest  to  find  in  his  views  a  possible  means  of  reconciling  two  apparently 
totally  discordant  theories.^  However,  I  do  not  desire  to  lay  much  stress 
on  my  suggestion,  for  without  doubt  a  swarm  of  meteors  could  only 
maintain  the  mechanical  properties  of  a  gas  for  a  limited  time,  and,  as 
pointed  out  by  Professor  Chamberlin,  it  is  difficult  to  understand  how 
a  swarm  of  meteorites  moving  indiscriminately  in  every  direction  could 
ever  have  come  into  existence.  But  my  paper  may  have  served  to  some 
extent  to  suggest  to  Chamberlin  his  recent  modification  of  the  Nebular 
Hypothesis,  in  which  he  seeks  to  reconcile  Laplace's  view  with  a  meteo- 
ritic  origin  of  the  planetary  system.^ 

We  have  seen  that,  in  order  to  explain  the  genesis  of  planets  according 
to  Laplace's  theory,  the  rings  must  be  ill-balanced  or  even  broken.  If  the 
ring  were  so  far  from  being  complete  as  only  to  cover  a  small  segment  of 
the  whole  circumference,  the  true  features  of  the  occurrences  in  the  births 
of  planets  and  satellites  might  be  better  represented  by  conceiving  the 
detached  portion  of  matter  to  have  been  more  or  less  globular  from  the 
first,  rather  than  ring-shaped.  Now  this  idea  introduces  us  to  a  group 
of  researches  whereby  mathematicians  have  sought  to  explain  the  birth  of 
planets  and  satellites  in  a  way  which. might  appear,  at  first  sight,  to  be 
fundamentally  different  from  that  of  Laplace. 

The  solution  of  the  problem  of  evolution  involves  the  search  for  those 
persistent  or  stable  forms  which  biologists  would  call  species.  The  species 
of  which  I  am  now  going  to  speak  may  be  grouped  in  a  family,  which 

1  Kewcomb  considers  the  objections  to  Lockyer's  theory  iDsupeiable.  See  p.  190 
of  The  Stars,  John  Murray,  London,  1904. 

*  See  preceding  reference  to  Chamberh'n's  Paper.  Digitized  by  GoOQIc 
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ocMnprises  all  those  various  forms  which  a  mass  of  rotating  liquid  is  capable 
of  assaming  mider  the  conjoint  influences  of  gravitation  and  rotation.  If 
the  earth  were  formed  throughout  of  a  liquid  of  the  same  density,  it 
would  be  one  of  the  species  of  this  family ;  and  indeed  these  researches 
date  back  to  the  time  of  Newton,  who  was  the  first  to  explain  the  figures 
of  planets. 

The  ideal  liquid  planets  we  are  to  consider  must  be  regarded  as  work- 
ing models  of  actuality,  and  inasmuch  as  the  liquid  is  supposed  to  be 
incompressible,  the  conditions  depart  somewhat  widely  from  those  of 
reality.  Hence,  when  the  problem  has  been  solved,  much  uncertainty 
remains  as  to  the  extent  to  which  our  conclusions  will  be  applicable  to 
actual  celestial  bodies. 

We  begin,  then,  with  a  rotating  liquid  planet  like  the  earth,  which  is 
the  first  stable  species  of  our  family.  We  next  impart  in  imagination 
more  rotation  to  this  planet^  and  find  by  mathematical  calculation  that 
its  power  of  resistance  to  any  sort  of  disturbance  is  less  than  it  was.  In 
other  words,  its  stability  declines  with  increased  rotation,  and  at  length 
we  reach  a  stage  at  which  the  stability  just  vanishes.  At  this  point  the 
shape  is  a  transitional  one,  for  it  is  the  beginning  of  a  new  species  with 
different  characteristics  from  the  first,  and  with  a  very  feeble  degree  of 
stability  or  power  of  persistence.  As  a  still  further  amount  of  rotation  is 
imparted,  the  stability  of  the  new  species  increases  to  a  maximum  and 
then  declines  until  a  new  transitional  shape  is  reached  and  a  new  species 
comes  into  existence.  In  this  way  we  pass  from  species  to  species  with 
an  ever-increasing  amount  of  rotation. 

The  first  or  planetary  species  has  a  circular  equator  like  the  earth ; 
the  second  species  has  an  oval  equator,  so  that  it  is  something  like  an  egg 
spinning  on  its  side  on  a  table ;  in  the  third  species  we  find  that  one  of 
the  two  ends  of  the  egg  begins  to  swell,  and  that  the  swelling  gradually 
becomes  a  well-marked  protrusion  or  filament.^  Finally  the  filamentous 
protrusion  becomes  bulbous  at  its  end,  and  is  only  joined  to  the  main 
mass  of  liquid  by  a  gradually  thinning  neck.  The  neck  at  length  breaks, 
and  we  are  left  with  two  separated  masses  which  may  be  called  planet 
and  satellite.  It  is  fair  to  state  that  the  actual  rupture  into  two  bodies 
IB  to  some  extent  speculative,  since  mathematicians  have  hitherto  failed 
to  follow  the  whole  process  to  the  end.^ 

In  this  ideal  problem  the  successive  transmutations  of  species  are 
brought  about  by  gradual  additions  to  the  amount  of  rotation  with  which 
the  mass  of  liquid  is  endpwed.  It  might  seem  as  if  this  continuous  addi- 
tion to  the  amount  of  rotation  were  purely  arbitrary  and  could  have  no 
counterpart  in  nature.     But  real  bodies  cool  and  contract  in  cooling,  and, 

*  H.  Liapoimoff  contendB  that  the  '  pear-shaped  *  figure  is  always  unstable  (*  Sur 
ttn  pTobUme  de  Tchebychef,*  Acad,  Imp.  de$  Sciences  de  St- Piter ihourg^  1906),  but 
I  cannot  agree  with  this  view— at  least  for  the  present. 

*  See  a  paper  by  myself  on  '  Roche's  Ellipsoids  and  on  Allied  Problems 'com^ 
municated  to  the  Boyal  Society,  January  1906.  -  »Oglc 
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since  the  scale  of  magnibude  on  which  our  planet  is  built  is  imtnatertal, 
contraction  will  produce  exactly  the  same  effect  on  shape  as  augmented 
rotation.  I  must  ask  you,  then,  to  believe  that  the  effects  of  an  apparently 
arbitrary  increase  of  rotation  may  be  produced  by  cooling. 

The  figures  which  I  succeeded  in  drawing,  by  means  of  rigorous  calcu- 
lation, of  the  later  stages  of  this  course  of  evolution,  are  so  curious  as  to 
remind  one  of  some  such  phenomenon  as  the  protrusion  of  a  filament  of 
protoplasm  from  a  mass  of  living  matter,  and  I  suggest  that  we  may  see 
in  this  almost  life-like  process  the  counterpart  of  at  least  one  form  of  the 
birth  of  double  stars,  planets,  and  satellites. 

As  I  have  already  said,  Newton  determined  the  first  of  these  figures ; 
Jacobi  found  the  second,  and  Poincar^  indicated  the  existence  of  the 
third,  in  a  paper  which  is  universally  regarded  as  one  of  the  masterpieces 
of  applied  mathematics  ;  finally  I  myself  succeeded  in  determining  the  exact 
form  of  Poincare's  figure,  and  in  proving  that  it  is  a  true  stable  shape. 

My  Cambridge  colleague  Jeans  has  also  made  an  interesting  contri- 
bution to  the  subject  by  discussing  a  closely  analogous  problem,  and  he 
has  besides  attacked  the  far  more  difficult  case  where  the  rotating  fluid  is 
a  compressible  gas.  In  this  case  also  he  finds  a  family  of  types,  but  the 
conception  of  compressibility  introduced  a  new  set  of  considerations  in 
the  transitions  from  species  to  species.  The  problem  is,  however,  of  such 
difficulty  that  he  had  to  rest  content  with  results  which  were  rather 
qualitative  than  strictly  quantitative. 

This  group  of  investigations  brings  before  us  the  process  of  the  birth 
of  satellites  in  a  more  convincing  form  than  was  possible  by  means  of  the 
general  considerations  adduced  by  Laplace.  It  cannot  be  doubted  that 
the  supposed  Laplacian  sequence  of  events  possesses  a  considerable 
element  of  truth,  yet  these  latter  schemes  of  transformation  can  be  followed 
in  closer  detail.  It  seems,  then,  probable  that  both  processes  furnish  us 
with  crude  models  of  reality,  and  that  in  some  cases  the  first  and  in  others 
the  second  is  the  better  representative. 

The  moon's  mass  is  one-eightieth  of  that  of  the  earth,  whereas  the 
mass  of  Titan,  the  largest  satellite  in  the  solar  system,  is  ^^Vq  of  that  of 
Saturn.  On  the  ground  of  this  great  difference  between  the  relative  mag- 
nitudes of  all  other  satellites  and  of  the  moon,  it  is  not  unreasonable  to 
suppose  that  the  mode  of  separation  of  the  moon  from  the  earth  may  also 
have  been  widely  different.  The  theory  of  which  I  shall  have  next  to 
speak  claims  to  trace  the  gradual  departure  of  the  moon  from  an  original 
position  not  far  removed  from  the  present  surface  of  the  earth.  If  this 
view  is  correct,  we  may  suppose  that  the  detachment  of  the  moon  from 
the  earth  occurred  as  a  single  portion  of  matter,  and  not  as  a  concentration 
of  a  Laplacian  ring. 

If  a  planet  is  covered  with  oceans  of  water  and  air,  or  if  it  is  formed 
of  plastic  molten  rock,  tidal  oscillations  must  be  generated  in  its  mobile 
parts  by  the  attractions  of  its  satellites  and  of  the  sun.  Such  movements 
miist  be  subject  to  frictional  resistance,  and  the  planet's  rotation  will  be 
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slowly  retarded  by  tidal  friction  in  much  the  same  way  that  a  fly-wheel 
ifl  gradually  stopped  hy  any  external  cause  of  friction.  Since  action  and 
reaction  are  equal  and  opposite,  the  action  of  the  satellites  on  the  planet, 
which  causes  the  tidal  friction  of  which  I  speak,  must  correspond  to  a 
raction  of  the  planet  on  the  motion  of  the  satellites. 

At  any  moment  of  time  we  may  regard  the  system  composed  of  the 
rotating  planet  with  its  attendant  satellite  as  a  stable  species  of  motion, 
hut  the  friction  of  the  tides  introduces  forces  which  produce  a  continuous, 
although  alow,  transformation  in  the  configuration.  It  is,  then,  clearly  of 
interest  to  trace  backwards  in  time  the  changes  produced  by  such  a  con- 
tinuously acting  cause,  and  to  determine  the  initial  condition  from  which 
the  system  of  planet  and  satellite  must  have  been  slowly  degrading.  We 
may  also  look  forward,  and  discover  whither  the  transformation  tends. 

Let  ns  consider,  then,  the  motion  of  the  earth  and  moon  revolving  in 
company  round  the  sun,  on  the  supposition  that  the  friction  of  the  tides 
in  the  earth  is  the  only  effective  cause  of  change.  We  are,  in  fact,  to 
discuss  a  working  model  of  the  system,  analogous  to  those  of  which  I 
have  so  often  spoken  before. 

This  is  not  the  time  to  attempt  a  complete  exposition  of  the  manner 
in  which  tidal  friction  gives  rise  to  the  action  and  reaction  between 
planet  and  satellite,  nor  shall  I  discuss  in  detail  the  effects  of  various 
kinds  which  are  produced  by  this  cause.  It  must  suffice  to  set  forth  the 
results  in  their  main  outlines,  and,  as  in  connection  with  the  topic  of 
evolution  retrospect  is  perhaps  of  greater  interest  than  prophecy,  I  shall 
hegin  with  the  consideration  of  the  past. 

At  the  present  time  the  moon,  moving  at  a  distance  of  240,000  miles 
from  the  earth,  completes  her  circuit  in  twenty-seven  days.  Since  a  day 
is  the  time  of  one  rotation  of  the  earth  on  its  axis,  the  angular  motion  of 
the  earth  is  twenty-seven  times  as  rapid  as  that  of  the  moon. 

I^dal  friction  acts  as  a  brake  on  the  earth,  and  therefore  we  look 
back  in  retrospect  to  times  when  the  day  was  successively  twenty-three, 
twenty-two,  twenty-one  of  our  present  hours  in  length,  and  so  on  back- 
ward to  still  shorter  days.  But  during  all  this  time  the  reaction  on  the 
moon  was  at  work,  and  it  appears  that  its  effect  must  have  been  such  that 
the  moon  also  revolved  round  the  earth  in  a  shorter  period  than  it  does 
now ;  thus  the  month  also  was  shorter  in  absolute  time  than  it  now 
18.  These  conclusions  are  absolutely  certain,  although  the  effects  on  the 
motions  of  tiie  earth  and  of  the  moon  are  so  gradual  that  they  can  only 
doubtfully  be  detected  by  the  most  refined  astronomical  measurements. 

We  take  the  'day,'. regarding  it  as  a  period  of  variable  length,  to 
mean  the  time  occupied  by  a  single  rotation  of  the  earth  on  its  axis  ;  and 
the '  month,'  likewise  variable  in  absolute  length,  to  mean  the  time  occu- 
pied by  the  moon  in  a  single  revolution  round  the  earth.  Then,  although 
there  are  now  twenty-seven  days  in  a  month,  and  although  both  day  and 
month  were  shorter  in  the  past,  yet  there  is,  so  far,  nothing  to  tell  us 
whether  there  were-more  or  less  davs  in  the  month  in  the  past.     For  ifC 
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the  day  is  now  being  prolonged  more  rapidly  than  the  month,  the  namber 
of  days  in  tlie  month  was  greater  in  the  past  than  it  now  is  ;  and  if  the 
converse  were  true,  the  namber  of  days  in  the  month  was  less. 

Now  it  appears  from  mathematical  calculation  that  the  day  must  now 
be  suffering  a  greater  degree  of  prolongation  than  the  month,  and  accord- 
ingly in  retrospect  we  look  back  to  a  time  when  there  were  more  days  in 
the  month  than  at  present.  That  namber  was  once  twenty -nine,  in  place 
of  the  present  twenty-seven ;  but  the  epoch  of  twenty-nine  days  in  the 
month  is  a  sort  of  crisis  in  the  history  of  moon  and  earth,  for  yet  earlier 
the  day  was  shortening  less  rapidly  than  the  month.  Hence,  earlier  than 
the  time  when  there  were  twenty-nine  days  in  the  month,  there  was  a 
time  when  there  was  a  reversion  to  the  present  smaller  namber  of  days. 

We  thus  arrive  at  the  curious  conclusion  that  there  is  a  certain 
namber  of  days  to  the  month,  namely  twenty-nine,  which  can  never  have 
been  exceeded,  and  we  find  that  this  crisis  was  passed  through  by  the 
earth  and  moon  recently  ;  but,  of  course,  a  recent  event  in  such  a  long 
history  may  be  one  which  happened  some  millions  of  years  ago. 

Continuing  our  retrospect  beyond  this  crisis,  both  day  and  month  are 
found  continuously  shortening,  and  the  number  of  days  in  the  month 
continues  to  fall.  No  change  in  conditions  which  we  need  pause  to  con- 
sider now  supervenes,  and  we  may  ask  at  once,  what  is  the  initial 
stage  to  which  the  gradual  transformation  points  1  I  say,  then,  that 
on  following  the  argument  to  its  end  the  system  may  be  traced  back 
to  a  time  when  the  day  and  month  were  identical  in  length,  and  were 
both  only  about  four  or  five  of  our  present  houra  The  identity  of  day 
and  month  means  that  the  moon  was  always  opposite  to  the  same  side  of 
the  earth ;  thus  at  the  beginning  the  earth  always  presented  the  same 
face  to  the  moon,  just  as  the  moon  now  always  shows  the  same  face  to 
us.  Moreover,  when  the  month  was  only  some  four  or  five  of  our  present 
hours  in  length  the  moon  must  have  been  only  a  few  thousand  miles  from 
the  earth's  surface — a  great  contrast  with  the  present  distance  of  240,000 
miles. 

It  might  well  be  argued  from  this  conclusion  alone  that  tlie  moon 
separated  from  the  earth  more  or  less  as  a  single  portion  of  matter  at  a 
time  immediately  antecedent  to  the  initial  stage  to  which  she  has  been 
traced.  But  there  exists  a  yet  more  weighty  argument  favourable  to 
this  view,  for  it  appears  that  the  initial  stage  is  one  in  which  the  stability 
of  the  species  of  motion  is  tottering,  so  that  the  system  presents  the 
characteristic  of  a  transitional  form,  which  we  have  seen  to  denote  a 
change  of  type  or  species  in  a  previous  case. 

In  discussing  the  transformations  of  a  liquid  planet  we  saw  the 
tendency  of  the  single  mass  to  divide  into  two  portions,  although  we 
failed  to  extend  the  rigorous  argument  back  to  the  actual  moment  of 
separation ;  and  now  we  seem  to  reach  a  similar  crisis  from  the  opposite 
end,  when  in  retrospect  we  trace  back  the  system  to  two  masses  of 
unequal  size  in  close  proximity  with  one  another.     The  argument  almost 
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carries  conviction  with  it,  but  I  have  necessarily  been  compelled  to  pass 
over  varions  doubtfal  points. 

Time  is  wanting  to  consider  other  subjects  worthy  of  notice  which 
arise  out  of  this  problem,  yet  I  wish  to  point  out  that  the  earth's 
axis  must  once  have  been  less  tilted  over  with  reference  to  the  sun  than 
it  is  now,  so  that  the  obliquity  of  the  ecliptic  receives  at  least  a  partial 
explanation.  Again,  the  inclination  of  the  moon's  orbit  may  be  in  great 
measure  explained ;  and,  lastly,  the  moon  must  once  have  moved  in  a 
nearly  circular  path.  The  fact  that  tidal  friction  is  competent  to  explain 
Uie  eccentricity  of  an  orbit  has  been  applied  in  a  manner  to  which  I  shall 
have  occasion  to  return  hereafter. 

In  my  paper  on  this  subject  I  summed  up  the  discussion  in  the  follow- 
ing words,  which  I  still  see  no  reason  to  retract : — 

*  The  argument  reposes  on  the  imperfect  rigidity  of  solids,  and  on  the 
internal  friction  of  semi-solids  and  fluids  ;  these  are  verce  cctuace.  Thus 
changes  of  the  kind  here  discussed  must  be  going  on,  and  must  have  gone 
on  in  the  past.  And  for  this  history  of  the  earth  and  moon  to  be  true 
throughout  it  is  only  necessary  to  postulate  a  sufficient  lapse  of  time,  and 
that  there  is  not  enough  matter  diffused  through  space  materially  to  resist 
the  motions  of  the  moon  and  earth  in  perhaps  several  hundred  million  years. 

<  It  hardly  seems  too  much  to  say  that  granting  these  two  postulates 
and  the  existence  of  a  primeval  planet,  such  as  that  above  described,  then 
a  system  would  necessarily  be  developed  which  would  bear  a  strong 
resemblance  to  our  own. 

*  A  theory,  reposing  on  vtra:  causce,  which  brings  into  quantitative 
correlation  the  lengths  of  the  present  day  and  month,  the  obliquity  of  the 
ecliptic,  and  the  inclination  and  eccentricity  of  the  lunar  orbit,  must,  I 
think,  have  strong  claims  to  acceptance.'  * 

We  have  pursued  the  changes  into  the  past,  and  I  wDl  refer  but 
shortly  to  the  future.  The  day  and  month  are  both  now  lengthening, 
but  Uie  day  changes  more  quickly  than  the  month.  Thus  the  two  periods 
tend  again  to  become  equal  to  one  another,  and  it  appears  that  when  that 
goal  is  reached  both  day  and  month  will  be  as  long  as  iifty-five  of  our 
present  days.  The  earth  will  then  always  show  the  same  face  to  the 
moon,  just  as  it  did  in  the  remotest  past.  But  thei-e  is  a  great  contrast 
between  the  ultimate  and  initial  conditions,  for  the  ultimate  stage,  with 
day  and  month  both  equaj  to  fifty-five  of  our  present  days,  is  one  of  great 
stability  in  contradistinction  to  the  vanishing  stability  which  we  found  in 
the  initial  stage. 

Since  the  relationship  between  the  moon  and  earth  is  a  mutual  one, 
the  earth  may  be  regarded  as  a  satellite  of  the  moon,  and  if  the  moon 
rotated  rapidly  on  her  axis,  as  was  probably  once  the  case,  the  earth 
must  at  that  time  have  produced  tides  in  the  moon.  The  mass  of  the 
moon  is  relatively  small,  and  the  tides  produced  by  the  earth  would  be 

»  Phil.  Trar.s.,  pt.  ii.,  1880,  p.  883.        Digitized  by  GoOglc 
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large  ;  accordingly  the  moon  would  pass  through  the  several  stages  of  her 
history  much  more  rapidly  than  the  earth.  Hence  it  is  that  the  moon 
has  already  advanced  to  that  condition  which  we  foresee  as  the  future 
fate  of  the  earth,  and  now  always  shows  to  us  the  same  face. 

If  the  earth  and  moon  were  the  only  bodies  in  existence,  this  ultimate 
stage,  when  the  day  and  month  were  again  identical  in  length,  would  be 
one  of  absolute  stability,  and  therefore  eternal ;  but  the  presence  of  the 
sun  introduces  a  cause  for  yet  further  changes.  I  do  not,  however,  pro- 
pose to  pursue  the  history  to  this  yet  remoter  futurity,  because  our  system 
must  contain  other  seeds  of  decay  which  will  probably  bear  fruit  before 
these  further  transformations  could  take  effect. 

If,  as  has  been  argued,  tidal  friction  has  played  so  important  a  part 
in  the  history  of  the  earth  and  moon,  it  might  be  expected  that  the  like 
should  be  true  of  the  other  planets  and  satellites,  and  of  the  planets  them- 
selves in  their  relationship  to  the  sun.  But  numerical  examination  of  the 
several  cases  proves  conclusively  that  this  cannot  have  been  the  case.  The 
relationship  of  the  moon  to  the  earth  is  in  fact  quite  exceptional  in  the 
solar  system,  and  we  have  still  to  rely  on  such  theories  as  that  of  Laplace 
for  the  explanation  of  the  main  outlines  of  the  solar  system. 

I  have  as  yet  only  barely  mentioned  the  time  occupied  by  the  sequence 
of  events  sketched  out  in  the  various  schemes  of  cosmogony,  and  the 
question  of  cosmical  time  is  a  thorny  and  controversial  one. 

Our  ideas  are  absolutely  blank  as  to  the  time  requisite  for  the  evolu- 
tion according  to  Laplace's  nebular  hypothesis.  And  again,  if  we  adopt 
the  meteoritic  theory,  no  estimate  can  be  formed  of  the  time  required  even 
for  an  ideal  sun,  with  its  attendant  planet  Jove,  to  sweep  up  the  wanderers 
in  space.  We  do  know,  indeed,  that  there  is  a  continuous  gradation  from 
stable  to  unstable  orbits,  so  that  some  meteoric  stones  may  make  thousands 
or  millions  of  revolutions  before  meeting  their  fate  by  collision.  Accord- 
ingly, not  only  would  a  complete  absorption  of  all  the  wanderers  occupy 
an  infinite  time,  but  also  the  amount  of  the  refuse  of  the  solar  system 
still  remaining  scattered  in  planetary  space  is  unknown.  And,  indeed, 
it  is  certain  that  the  process  of  clearance  is  still  going  on,  for  the  earth  is 
constantly  meeting  meteoric  stones,  which,  penetrating  the  atmosphere, 
become  luminous  through  the  effects  of  the  frictional  resistance  with 
which  thoy  meet. 

All  we  can  assert  of  such  theories  is  thafr  they  demand  enormous 
intervals  of  time  as  estimated  in  years. 

The  theory  of  tidal  friction  stands  alone  amongst  these  evolutionary 
speculations  in  that  we  can  establish  an  exact  but  merely  relative  time- 
scale  for  every  stage  of  the  process.  It  is  true  that  the  value  in  years  of 
the  unit  of  time  remains  unknown,  and  it  may  be  conjectured  that  the 
unit  has  varied  to  some  extent  as  the  physical  condition  of  the  earth  has 
gradually  changed. 

It  is,  however,  possible  to  determine  a  period  in  years  which  must  be 
shorter  than  that  in  which  the  whole  history  is  comprised.     If  at  every 
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moment  since  the  birth  of  the  moon  tidal  friction  had  always  been  at 
vork  in  sach  a  way  as  to  produce  the  greatest  possible  effect,  then  we 
should  find  that  sixty  million  years  would  be  consumed  in  this  portion  of 
evolutionary  history.  Tlie  true  period  must  be  much  greater,  and  it  does 
not  aeem  extravagant  to  suppose  that  500  to  1,000  million  years  may  have 
elapsed  since  the  birth  of  the  moon. 

Such  an  estimate  would  not  seem  extravagant  to  geologists  who  have, 
In  various  ways,  made  exceedingly  rough  determinations  of  geological 
periods.  One  such  determination  is  derived  from  measures  of  the  thick- 
ness of  .deposited  strata,  and  the  rate  of  the  denudation  of  continents  by 
rain  and  rivers.  I  will  not  attempt  to  make  any  precise  statement  on 
this  head,  but  I  iniagine  that  the  sort  of  unit  with  which  the  geologist 
deals  is  100  million  years,  and  that  he  would  not  consider  any  estimate 
involving  from  one  to  twenty  of  such  units  as  unreasonable. 

Mellard  Reade  has  attempted  to  determine  geological  time  by  certain 
arguments  as  to  the  rate  of  denudation  of  limestone  rocks,  and  arrives  at 
the  conclusion  that  geological  history  is  comprised  in  something  less  than 
600  million  years.'  The  uncertainty  of  this  estimate  is  wide,  and  I  imagine 
tliat  geologists  in  general  would  not  lay  much  stress  on  it. 

Joly  has  employed  a  somewhat  similar,  but  probably  less  risky,  method 
of  determination.^  When  the  earth  was  still  hot,  all  the  water  of  the  globe 
must  have  existed  in  the  form  of  steam,  and  when  the  surface  cooled  that 
steam  must  have  condensed  as  fresh  water.  Rain  then  washed  the  con- 
tinents and  carried  down  detritus  and  soluble  matter  to  the  seas.  Common 
salt  is  the  most  widely  diffused  of  all  such  soluble  matter,  and  its  transit 
to  the  sea  is  an  irreversible  process,  because  the  evaporation  of  the  sea 
otilj  carries  back  to  the  land  fresh  water  in  the  form  of  rain.  It  seems 
certain,  then,  that  the  saltness  of  the  sea  is  due  to  the  washing  of  the 
land  throughout  geologi<£al  time. 

Rough  estimates  may  be  formed  of  the  amount  of  river  water  which 
reaches  the  sea  in  a  year,  and  the  measured  saltness  of  rivers  furnishes  a 
knowledge  of  the  amount  of  salt  which  is  thus  carried  to  the  sea.  A 
cloMr  estimate  may  be  formed  of  the  total  amount  of  salt  in  the  sea.  On 
dividing  the  total  amount  of  salt  by  the  annual  transport  Joly  arrives  at 
the  quotient  of  about  100  millions,  and  thence  concludes  that  geological 
lustofy  has  occupied  100  million  years.  I  will  not  pause  to  consider  the 
several  doubts  and  difficulties  which  arise  in  the  working  out  of  this 
theory.  The  uncertainties  involved  must  clearly  be  considerable,  yet  it 
seems  the  best  of  all  the  purely  geological  arguments  whence  we  derive 
numerical  estimates  of  geological  time.  On  the  whole  I  should  say  that 
pure  geology  points  to  some  period  intermediate  between  50  and  1,000 
millions  of  years,  but  the  upper  limit  is  more  doubtful  than  the  lower. 

•  Chemhal  Denvdatian  in  relation  to  Geological  Time,  Bofcue,  LoDdon,  1879  ;  or 
JBoy.  8oe.  Janaary  23, 1879. 

■  '  An  Bstlmate  of  the  Geological  Age  of  the  Earth/  Tran*,  Roy.  P^WjK^/^ 
vol.  vli.  series  iii.,  1902.  pp.  23-66.  Digitizedl^y  ^OOglL 
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Thus  far  we  do  not  find  anything  which  renders  the  tidal  theory  of  evolu- 
tion untenable. 

But  the  physicists  have  formed  estimates  in  other  ways  which,  until 
recently,  seemed  to  demand  in  the  most  imperative  manner  a  far  lower 
scale  of  time.  According  to  all  theories  of  cosmogony,  the  sun  is  a  star 
which  became  heated  in  the  process  of  its  condensation  from  a  condition  of 
wide  dispersion.  When  a  meteoric  stone  falls  into  the  sun  the  arrest  of 
its  previous  motion  gives  rise  to  heat,  just  as  the  blow  of  a  horse's  shoe  on 
a  stone  makes  a  spark.  The  fall  of  countless  meteoric  stones,  or  the 
condensation  of  a  rarefied  gas,  was  supposed  to  be  the  sole  cause  of  the 
sun's  high  temperature. 

Since  the  mass  of  the  sun  is  known,  the  total  amount  of  the  heat 
generated  in  it,  in  whatever  mode  it  was  formed,  can  be  estimated  with  a 
considerable  amount  of  precision.  The  heat  received  at  the  earth  from 
the  sun  can  also  be  measured  with  some  accuracy,  and  hence  it  is  a  mere 
matter  of  calculation  to  determine  bow  much  heat  the  sun  sends  out  in  a 
year.  The  total  heat  which  can  have  been  generated  in  the  sun  divided 
by  the  annual  output  gives  a  quotient  of  about  20  millions.  Hence  it 
seemed  to  be  imperatively  necessary  that  the  whole  history  of  the  solar 
system  should  be  comprised  within  some  20  millions  of  years. 

This  argument,  which  is  due  to  Helmholtz,  appeared  to  be  absolutely 
crushing,  and  for  the  last  forty  years  the  physicists  have  been  accustomed 
to  tell  the  geologists  that  they  must  moderate  their  claims.  But  for 
myself  I  have  always  believed  that  the  geologists  were  more  nearly  correct 
than  the  physicists,  notwithstanding  the  fact  that  appearances  were  so 
strongly  against  them. 

And  now,  at  length,  relief  has  come  to  the  strained  relations  between 
the  two  parties,  for  the  recent  marvellous  discoveries  in  physics  show 
that  concentration  of  matter  is  not  the  only  source  from  which  the  sun 
may  draw  its  heat. 

Radium  is  a  substance  which  is  perhaps  millions  of  times  more 
powerful  than  dynamite.  Thus  it  is  estimated  that  an  ounce  of  radium 
would  contain  enougli  power  to  raise  10,000  tons  a  mile  above  the  earth's 
surface.  Another  way  of  stating  the  same  estimate  is  this  :  the  energy 
needed  to  tow  a  ship  of  12,000  tons  a  distance  of  six  thousand  sea  miles 
at  15  knot.s  is  contained  in  22  ounces  of  radium.  The  '  Saxon  '  probably 
burns  three  or  four  thousand  tons  of  coal  on  a  voyage  of  approximately  the 
same  length.  Again,  M.  and  Mme.  Curie  have  proved  that  radium  actually 
gives  out  heat,^  and  it  has  been  calculated  that  a  small  proportion  of 
radium  in  the  sun  would  suffice  to  explain  its  present  radiation.  Other 
lines  of  argument  tend  in  the  same  direction.* 

*  Lord  Kelvin  has  estimated  the  age  of  the  earth  from  the  rate  of  increase 
of  temperature  nndergroand.  But  the  force  of  his  argument  seems  to  be  entirely 
destroyed  by  this  result.    See  a  letter  by  R.  J.  Strut t,  Nature,  December  21,  1906. 

«  See  W.  E.  Wilson,  Nature,  July  9,  1903 ;  and  G.  H.  Darwin,  Nature,  Septem- 
ber 24,  1903.  Digitized  by  GOOgl  _ 
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Now  we  know  that  the  earth  contains  radio-active  materials,  and  it 
is  safe  to  assume  that  it  forms  in  some  degree  a  sample  of  the  materials 
of  the  solar  system.  Hence  it  is  almost  certain  that  the  sun  is  radio- 
active also;  and  besides  it  is  not  improbable  that  an  element  with  so 
heavy  an  atom  as  radiam  would  gravitate  more  abundantly  to  the  central 
condensation  than  to  the  outlying  planets.  In  this  case  the  sun  should 
contain  a  larger  proportion  of  radio-active  material  than  the  earth. 

ThiB  branch  of  science  is  as  yet  but  in  its  infancy,  but  we  already  see 
how  unsafe  it  is  to  dogmatise  on  the  potentialities  of  matter. 

It  appears,  then,  that  the  physical  argument  is  not  susceptible  of  a 
greater  degree  of  certainty  than  that  of  the  geologists,  and  the  scale  of 
geological  time  remains  in  great  measure  unknown. 

I  have  now  ended  my  discussion  of  the  solar  system,  and  must  pass 
on  to  the  wider  fields  of  the  stellar  universe. 


Only  a  few  thousand  stare  are  visible  with  the  unaided  eye,  but 
photography  has  revealed  an  inconceivably  vast  multitude  of  stars  and 
nebuhe,  and  every  improvement  in  that  art.  seems  to  disclose  yet  more 
and  more.  About  twenty  years  ago  the  number  of  photographic  objects 
in  the  heavens  was  roughly  estimated  at  about  170  millions,  and  some 
ten  years  later  it  had  increased  to  about  400  millions.  Although  Newcomb, 
in  his  recent  book  on  *  The  Stars,'  refrains  even  from  conjecturing  any 
definite  number,  yet  I  suppose  that  the  enormous  number  of  400  millions 
must  now  be  far  below  the  mark,  and  photography  still  grows  better  year 
by  year.  It  seems  useless  to  consider  whether  the  number  of  stars  has 
any  limits  for  infinite  number,  space,  and  time  transcend  our  powers  of 
comprehension.  We  must  then  make  a  virtue  of  necessity,  and  confine 
our  attention  to  such  more  limited  views  as  seem  within  our  powers. 

A  celestial  photograph  looks  at  first  like  a  dark  sheet  of  paper  splashed 
with  whitewash,  but  further  examination  shows  that  there  is  some  degree 
of  method  in  the  arrangement  of  the  white  spots.  It  may  be  observed 
that  the  stars  in  many  places  are  arranged  in  lines  and  sweeping 
trains,  and  chains  of  stars,  arranged  in  roughly  parallel  curves,  seem 
to  be  drawn  round  some  centre.  A  surface  splashed  at  hazard  might 
present  apparent  evidence  of  system  in  a  few  instances,  but  the  frequency 
of  the  occurrence  in  the  heavens  renders  the  hypothesis  of  mere  chance 
altogether  incredible. 

Thus  there  is  order  of  some  sort  in  the  heavens,  and,  although  no 
reason  can  be  assigned  for  the  observed  arrangement  in  any  particular 
case,  yet  it  is  possible  to  obtain  general  }deas  as  to  the  succession  of 
events  in  stellar  evolution. 

Besides  the  stars  there  are  numerous  streaks,  wisps,  and  agglomera- 
tions of  nebulosity,  whose  light  we  know  to  emanate  from  gas.  Spots  of 
intenser  light  are  observed  in  less  brilliant  regions  ;  clusters  of  stars  are 
sometimes  imbedded  in  nebulosity,  while  in  other  cases^  each  individuiC 
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star  of  a  cluster  stands  out  clear  bj  itself.  These  and  other  observations 
force  on  us  the  conviction  that  the  wispy  clouds  represent  the  earliest 
stage  of  development,  the  more  condensed  nebulae  a  later  sta^e,  and  the 
stard  themselves  the  last  stage.  This  view  is  in  agreement  with  the 
nebular  hypothesis  of  Laplace,  and  we  may  fairly  conjecture  that  the 
chains  and  lines  of  stars  represent  pre-existing  streaks  of  nebulosity. 

As  a  star  cools  it  must  change,  and  the  changes  which  it  undergoes 
constitute  its  life-history,  hence  the  history  of  a  star  presents  an  analogy 
with  the  life  of  an  individual  animal.  Now,  the  object  which  I  have  had 
in  view  has  been  to  trace  types  or  species  in  the  physical  world  through 
their  transformations  into  other  types.  Accordingly  it  falls  somewhat 
outside  the  scope  of  this  address  to  consider  the  constitution  and  history 
of  an  individual  star,  interesting  although  those  questions  are.  I 
may,  however,  mention  that  the  constitution  of  gaseous  stars  was  first 
discussed  from  the  theoretical  side  by  Lane,  and  subsequently  more  com- 
pletely by  Bitter.  On  the  observational  side  the  spectroscope  has  proved 
to  be  a  powerful  instrument  in  analysing  the  constitutions  of  the  stars, 
and  in  assigning  to  them  their  respective  stages  of  development. 

If  we  are  correct  in  believing  that  stars  are  condensations  of  matter 
originally  more  widely  spread,  a  certain  space  surrounding  each  star 
must  have  been  cleared  of  nebulosity  in  the  course  of  its  formation. 
Much  thought  has  been  devoted  to  the  determination  of  the  distribution 
of  the  stars  in  space,  and  although  the  results  are  lacking  in  precision, 
yet  it  has  been  found  possible  to  arrive  at  a  rough  determination  of  the 
average  distance  from  star  to  star.  It  has  been  concluded,  from  investi- 
gations into  which  I  cannot  enter,  that  if  we  draw  a  sphere  round  the  sun 
with  a  radius  of  twenty  million  millions  of  miles,  ^  it  will  contain  no 
other  star ;  if  the  radius  were  twice  as  great  the  sphere  might  perhaps 
contain  one  other  star  ;  a  sphere  with  a  radius  of  sixty  million  millions  of 
miles  will  contain  about  four  stars.  This  serves  to  give  some  idea  of  the 
extraordinary  sparseness  of  the  average  stellar  population  ;  but  there  are 
probably  in  the  heavens  urban  and  rural  districts,  as  on  earth,  where  the 
stars  may  be  either  more  or  less  crowded.  The  stars  are  moving  rela- 
tively to  one  another  with  speeds  which  are  enormous,  as  estimated  by 
terrestrial  standards,  but  the  distances  which  separate  us  from  them  are 
so  immense  that  it  needs  refined  observation  to  detect  and  measure  the 
movements. 

Change  is  obviously  in  progress  everywhere,  as  well  in  each  individual 
nebula  and  star  as  in  the  positions  of  these  bodies  relatively  to  one  another. 
But  we  are  unable  even  to  form  conjectures  as  to  the  tendency  of  the 
evolution  which  is  going  on.  This  being  so,  we  cannot  expect,  by  con- 
sidering the  distribution  of  stars  and  nebulae,  to  find  many  illustrations  of 
the  general  laws  of  evolution  which  I  have  attempted  to  explain  ;  accord- 
ingly I  must  confine  myself  to  the  few  cases  where  we  at  least  fancy  our- 
1  This  is  the  distasce  at  which  the  earth's  distance  from  the  sun  would  appear 
to  be  1". 

Digitized  by  VjOOQ IC 


ADDRESS.  31 

selves  able  to  form  ideas  as  to  the  stages  by  which  the  present  conditions 
have  been  reached. 

Up  to  a  few  years  ago  there  was'  no  evidence  that  the  law  of  gravi- 
tation extended  to  the  stars,  and  even  now  there  is  nothing  to  prove  the 
tranBinission  of  gravity  from  star  to  star.  But  in  the  neighbourhood  of 
many  stars  the  existence  of  gravity  is  now  as  clearly  demonstrated  as 
within  the  solar  system  itself.  The  telescope  has  disclosed  the  double 
character  of  a  large  number  of  stars,  and  the  relative  motions  of  the  pairs 
of  companions  have  been  observed  with  the  same  assiduity  as  that  of  the 
planets.  When  the  relative  orbit  of  a  pair  of  binary  or  double  stars  is 
examined,  it  is  found  that  the  motion  conforms  exactly  to  those  laws  of 
Kepler  which  prove  that  the  planets  circle  round  the  sun  under  the  action 
of  solar  gravitation.  The  success  of  the  hypothesis  of  stellar  gravitation 
has  been  so  complete  that  astronomers  have  not  hesitMed  to  explain  the 
anomalous  motion  of  a  seemingly  single  star  by  the  existence  of  a  dark 
companion  ;  and  it  is  interesting  to  know  that  the  more  powerful  telescopes 
of  recent  times  have  disclosed,'  in  at  least  two  cases,  a  faintly  luminous 
companion  in  the  position  which  had  been  assigned  to  it  by  theory. 

By  an  extension  of  the  same  argument,  certain  variations  in  the 
spectra  of  a  considerable  number  of  stars  have  been  pronounced  to  prove 
them  each  to  be  rcaJly  double,  although  in  general  the  pair  may  be  so 
distant  that  they  will  probably  always  remain  single  to  our  sight.  Lastly, 
the  variability  in  the  light  of  other  apparently  single  stars  has  proved 
them  to  be  really  double.  A  pair  of  stars  may  partially  or  wholly  cover 
one  another  as  they  revolve  in  their  orbit,  and  the  light  of  the  seemingly 
single  star  will  then  be  eclipsed,  just  as  a  lighthouse  winks  when  the  light 
is  periodically  hiddeti  by  a  revolving  shutter.  Exact  measurements  of  the 
character  of  the  variability  in  the  light  have  rendered  it  possible  not  only 
to  determine  the  nature  of  the  orbit  described,  but  even  to  discover  the 
figures  and  densities  of  the  two  components  which  are  fused  together  by 
the  enormous  distance  of  our  poin.t  of  view.  This  is  a  branch  of  astronomy 
to  which  much  careful  observation  and  skilful  analysis  has  been  devoted  ; 
and  I  am  glad  to  mention  that  Alexander  Boberts,  one  of  the  most 
eminent  of  the  astronomers  who  have  considered  the  nature  of  variable 
stars,  is  a  resident  in  South  Africa. 

I  must  not,  however,  allow  you  to  suppose  that  the  theory  of  eclipses 
will  serve  to  explain  the  variability  of  all  stars,  for  there  are  undoubtedly 
others  whose  periodicity  must  be  explained  by  something  in  their  internal 
oonstitution. 

The  periods  of  double  stars  are  extremely  various,  and  naturally  those 
of  short  period  have  been  the  first  noted  ;  in  times  to  come  others  with 
longer  and  longer  periods  will  certainly  be  discovered.  A  leading  cha- 
racteristic of  all  these  double  stars  is  that  the  two  companions  do  not 
differ  enormously  in  mass  from  one  another.  In  this  respect  these 
systems  present  a  strongly  marked  contrast  with  that  of  the  sun,  attended 
«  it  i.  by  relatively  indgnificant  planets.  ^^^^^^  ^yGoOgk 
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In  the  earlier  part  of  my  address  I  showed  how  theory  indicates  that 
a  rotating  fluid  body  will  as  it  cools  separate  into  two  detached  masses. 
Mathematicians  have  not  yet  been  able  to  carry  their  analysis  far  enough 
to  determine  the  relative  magnitudes  of  the  two  parts,  but  as  far  as  we 
can  see  the  results  point  to  the  birth  of  a  satellite  whose  mass  is  a  con- 
siderable fraction  of  that  of  its  parent.  Accordingly  See  (who  devotes 
his  attention  largely  to  the  astronomy  of  double  stars),  Roberts,  and  others 
consider  that  what  they  have  observed  in  the  heavens  is  in  agreement 
with  the  indications  of  theory.  It  thus  appears  that  there  is  reason  to 
hold  that  double  stars  have  been  generated  by  the  division  of  primitive 
and  more  diffused  single  stars. 

But  if  this  theory  is  correct  we  should  expect  the  orbit  of  a  doable 
star  to  be  approximately  circular  ;  yet  this  is  so  far  from  being  the  case 
that  the  eccentricity  of  the  orbits  of  many  double  stars  exceeds  by  far 
any  of  the  eccentricities  in  the  solar  system .  Now  See  has  pointed  out 
that  when  two  bodies  of  not  very  unequal  masses  revolve  round  one 
another  in  close  proximity  the  conditions  are  such  as  to  make  tidal  friction 
as  efficient  as  possible  in  transforming  the  orbit.  Hence  we  seem  to  see 
in  tidal  friction  a  cause  which  may  have  sufficed  not  only  to  separate 
the  two  component  stars  from  one  another,  but  also  to  render  the  orbit 
eccentric. 

I  have  thought  it  best  to  deal  very  briefly  with  stellar  astronomy,  in 
spite  of  the  importance  of  the  subject,  because  the  direction  of  the  changes 
in  progress  is  in  general  too  vague  to  admit  of  the  formation  of  profitable 
theories. 

Wo  have  seen  that  it  is  possible  to  trace  the  solar  system  back  to  a 
primitive  nebula  with  some  degree  of  confidence,  and  that  there  is  reason 
to  believe  that  the  stars  in  general  have  originated  in  the  same  manner. 
But  such  primitive  nebulae  stand  in  as  much  need  of  explanation  as  their 
stellar  oflspring.  Thus,  even  if  we  grant  the  exact  truth  of  these  theories, 
the  advance  towards  an  explanation  of  the  universe  remains  miserably 
slight.  Man  is  but  a  microscopic  being  relatively  to  astronomical  space, 
and  ho  lives  on  a  puny  planet  circling  round  a  star  of  inferior  rank. 
Does  it  not  then  seem  as  futile  to  imagine  that  he  can  discover  the  origin 
and  tendency  of  the  universe  as  to  expect  a  housefly  to  instruct  us  as  to 
the  theory  of  the  motions  of  the  planets  1  And  yet,  so  long  as  he  shall 
last,  he  will  pursue  his  search,  and  will  no  doubt  discover  many  wonderful 
things  which  are  still  hidden.  We  may  indeed  bo  amazed  at  all  that  man 
has  been  able  to  find  out,  but  the  immeasurable  magnitude  of  the  undis- 
covered will  throughout  all  time  remain  to  humble  his  pride.  Our 
children's  children  will  still  be  gazing  and  marvelling  at  the  starry 
heavens,  but  the  riddle  will  never  be  read. 
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Carrespanding  Societies  Ccmmdttee, — Report  of  the  Committee^  consist- 
ing  of  Mr.  W.  Whitakeb  (Chairman),  Mr.  P.  W.  Rudler 
{SecreUiry)y  Rev.  J.  0.  Bevan,  Dr.  Horace  T.  Brown,  Dr. 
YAuaHAN  Cornish,  Principal  E.  H.  Griffiths,  Mr.*  T.  V.  Holmes, 
Mr,  J.  HoFKiNSON,  Professor  R.  Meldola,  Dr.  H.  R.  Mill,  Mr. 
0.  H.  Read,  Rev.  T.  R.  R.  Stebbing,  Professor  W.  W.  Watts, 
and  the  General  Officers.     (Dravm  up  by  the  Secreta/ry,) 

The  Committee  beg  leave  to  report  that  at  several  meetings  during  the 
past  session  they  have  had  under  consideration  the  suggestions  with 
reference  to  Corresponding  Societies  which  were  brought  forward  by 
Principal  E.  H.  Griffiths  at  the  Conference  of  Delegates  at  Cambridge 
last  year.  In  accordance  with  a  Resolution  passed  at  that  meeting,  and 
sent  up  to  the  Committee  of  Recommendations,  the  General  Committee 
of  the  Association  appointed  a  Committee,  consisting  of  certain  Members 
of  the  Council,  with  representatives  of  the  Corresponding  Societies,  in 
order  to  consider  the  present  relation  between  the  British  Association 
and  the  local  scientific  societies,  with  power  to  make  suggestions  for  the 
greater  utilisation  of  such  relationship.  This  Joint  Committee  duly 
reported  to  the  Council  of  the  Association,  and  their  Report  was  remitted 
by  the  Council  to  the  Corresponding  Societies  Committea  The  recom- 
mendations in  the  Report  were  discussed  and  amended  by  this  Committee, 
and  were  finally  adopted,  in  the  amended  form,  by  the  Council. 

As  a  result  of  this  discussion  there  will  henceforth  be  two  classes  of 
local  societies  eligible  for  relationship  with  the  British  Association.  One 
daas,  to  be  called  Affiliaied  Societies^  will  consist,  as  at  present,  of  such 
societies  as  undertake  local  scientific  investigation  and  publish  the 
remits.  Each  Affiliated  Society  may  be  represented  at  the  meetings  of 
the  British  Association  by  a  delegate,  who  must  be  a  Member  of  the 
Association,  and  who  will  be,  for  the  time  being,  a  member  of  the  General 
Committee.  The  new  class  of  corresponding  societies,  to  be  called 
Associaied  Soeidies^  will  include  societies  formed  for  the  purpose  of 
encowaging  the  study  of  science,  which  have  been  in  existence  for  at 
least  tmree  years  and  number  not  fewer  than  fifty  members.  Each 
AsBOfliated  Society  will  have  the  right  to  appoint  a  delegate  to  attend 
the  Annual  Conference.    This  delegate,  who  may  be  either  a  Member  or 
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an  Associate  of  the  British  Association,  will  liave  all  the  rights  of  a 
delegate  from  an  Affiliated  Society,  except  that  of  memberehip  of  the 
General  Committee. 

With  regard  to  the  suggestion  made  in  the  Chairman's  Address  to 
the  Delegates  at  Cambridge,  that  a  ^  Journal  of  Corresponding  Societies  ' 
should  be  established,  the  Committee,  after  very  careful  consideration  of 
the  subject,  came  unanimously,  though  regretfully,  to  the  conclusion  that, 
in  their  opinion,  the  publication  of  such  a  Journal  by  the  British  Associa- 
tion would  be  impracticable. 

The  question  of  obtaining,  if  possible,  reduced  railway  rates  for 
memlers  of  local  scientiBc  societies  when  travelling  even  singly  for 
scientific  purposes  was  referred  to  this  Committee  by  the  Delegates 
at  the  Cambridge  Conference.  A  form  of  application  to  the  various 
railway  companies  has  consequently  been  drafted,  and  distributed  to  all 
the  Affiliated  Societies  with  the  view  of  ascertaining  their  opinion. 
This  application  has  been  generally,  but  not  unanimously,  approv^,  and 
it  now  remains  for  the  Committee  to  submit  the  matter  to  the  Council  of 
che  Association  before  further  action  can  be  taken. 

In  view  of  the  visit  of  the  British  Association  to  South  Africa,  it  has 
been  felt  that  the  most  convenient  coarse  to  adopt  this  year  would  be  to 
hold  the  Conference  of  Delegates  in  London  after  the  South  African 
meeting.  This  suggestion  has  been  approved  by  the  Council,  and  it  has 
consequently  been  arranged  that  the  Conference  shall  be  held  on 
October  30  and  31,  the  latter  being  the  date  of  a  meeting  in  London  of 
the  General  Committee  of  the  British  Association,  which  the  delegates  of 
the  Affiliated  Societies  have  a  right  to  attend. 

It  is  proposed  that  at  this  Conference  the  following  subjects,  among 
others,  shall  be  discussed  : — 

1 .  The  Preservation  of  our  Native  Plants. 

2.  The  Law  of  Treasure  Trove. 

3.  Copyright  Law  as  it  affects  Scientific  Societies. 

The  usual  Schedule  of  Questions  has  been  sent  out  to  the  Affiliated 
Societies,  and  from  the  returns  which  have  been  received  it  appear^  that 
twenty-one  Societies  have  been  engaged  during  the  past  session  in  more 
or  less  original  scientific  work  of  a  local  character. 

The  City  of  London  College  Science  Society  has  been  added  to  the  list 
of  Corresponding  Societies. 

As  the  Isle  of  Man  Natural  History  and  Antiquarian  Society  has 
failed  to  return  the  Schedule  after  repeated  application,  the  Committee 
regret  that  they  are  compelled  to  recommend  its  removal  from  the  list  of 
Corresponding  Societies. 

The  Committee  ask  to  be  reappointed  with  a  grant  of  25Z.  As  tlie 
Committee  have  been  charged  by  the  Council  with  the  duty  of  collecting 
information  regarding  the  Societies  of  the  United  Kingdom  which  are 
eligible  for  relation  with  the  British  Association  under  the  new  class  of 
Associated  Societies,  much  additional  correspondence,  needing  extra 
expenditure  for  clerical  assistance,  &c,,  will  be  thrown  upon  the  Committee 
during  the  forthcoming  year.  It  will  probably  not  be  easy  to  discover  all 
the  smaller  societies  scattered  throughout  the  country,  and  the  Committee 
will  consequently  be  glad  of  any  information  which  will  assist  them  in 
thk  branch  of  their  work.  ^.^  ,,^^^  ^^  GoOgk 
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Report  of  tlie  Coiifereivce  of  Delegates  of  Correspondiiig  Societies  held  in 
the  Booms  of  the  Linnean  Society^  Burlington  Hoitse^  London^ 
October  30  and  31,  1905. 

Chairman      .         .     A.  Smith  Woodward,  LL,D.,  F.R.S. 
Vice-Chairman      .     W.  Whitaker,  B.A.,  F.R.S. 
Secretary        .        .     F.  W.  Rudler,  I.S.O. 

The  following  Corresponding  Societies  nominated  Delegates  to  repre- 
sent them  at  the  Conference.  The  attendance  of  the  Delegates  is 
indicated  in  the  list  by  the  figures  1  and  2  placed  in  the  margin  opposite 
to  the  name  of  each  Society,  and  referring  respectively  to  the  first  and 
second  meetings.  Where  no  figure  is  shown  it  will  be  understood  that 
the  Delegate  did  not  attend.^ 

List  of  Societies  sending  Delegates. 

Andersouiao  Naturalists*  Society        .    M.  A.  B.  Qilmour,  F.Z.S. 
1     2    Bath  Natural  History  and  Antiqua- ';  j^^„  ^  «,  gu:«i,i«  nr  a    w  g  a 
nan  Field  Club.  ^       |  Rev.  C.  W.  Sbickle.  M.A..  F.S.A. 

1     2    Belfast  NaturaUsts'  Field  Club  .        .    W.  Gray,  M.R.I.A. 

^Wclffi^y.^^'^  *°^  ^^^'^'  ]  ^^-  J«^°«°^  Symington.  F.R.S. 
Berwickshire  Naturalists'  Club  .        .    A.  H.  Evans,  M.A.,  F.Z.S. 

^^S^TsXy*"'^'*  ^"^"'**' }  W.  Bayley  Marshall.  M.In8t.C.K. 

Birmingham    Natural    History   and  1  ^  ^  ^.. 

Philolopbical  Society.  )  ^-  J'  ^**«°°- 

Bnchan  Field  Olnb     .        .        .        .    J.  F.  Tocher,  F.I.C. 
Caradoc  and  Severn  Valley  Field  Club    Professor  W.  W.  Watts,  F.R.S. 
Cardifif  Naturalists' Society        .        .    Principal B.H.Griffiths,D.Sc.,F. U.S. 

^'mTs^ie^  ^^""'^  """^  ^''^'°'  }  W  I^  Stanley.  F.G.S. 
1    2    Dorset   Natural   Histoiy  and    Anti- 1  ^  «  a„u«„  n  a 

quarian  Field  Club.  j  E.  R.  Sykes,  B.A. 

Dublin  Naturalists'  Field  Club  .        .    Prol  G.  A.  J.  Cole.  F.G.S. 
East    Kent    Scientific  and    Natural  1  .    a  -n^xA  u  a 

History  Society.  |  A.  S.  Rcid,  M.A. 

1     2    Elgin  and  Morayshire  Literary  and  1  w*  t«  i^    to 
Scientific  Association.  /  ^'  ^^^^^^'  '^^^' 

1     2    Essex  Field  aub        ....    F.  W.  Rudler,  I.S.O. 

Glasgow  Geological  Society        .        .    J.  B.  Murdoch. 
1     2    Glasgow  Natural  History  Society       .    Peter  Ewing,  F.L.S. 
Glasgow  Royal  Philosophical  Society    G.  T.  Beilby. 
Halifax  Scientific  Society  .        .        .    W.  Simpson,  F.G.S. 
1  Hampshire  Field  Club  and  Arcbsso-  'i  ^r  t\..i^  v  a  a 

lo^  Society.  }  ^-  ^^^  ^•^^^' 

^    ^^^oS^^iT'^   "^^  ^'*^""^}  Hon.  RoUo  Russell. 
2    Hertfordshire  Natural  History  Society    J.  Hopkinson,  F.L.S. 
1     2    Holmesdale  Natural  History  Club      .    Rev.    R.   Ashington    Bullcn.   B.A., 

F.L.S. 
2    HuU  Geological  Society      .        .        .    G.  W.  B.  Macturk. 

1  Hull  Scientific  and  Field  Naturalists'  1  «,  ox^^^^^j,  w  n  a 

Qj^^j  j  T.  Sheppard,  F.G.S. 

1     2    Institution  of  Mining  Engineers        .    J.  A.  Longden,  M.Inst.  CJES. 

Leeds  Geological  Association    .        .    Professor  P.  F.  Kendall.  F.G.S. 
1    2    Leeds  Naturalists' Club  and  Scientific  "iTT  p  Marah 
Association.  >n,Kj,  jsiarsn. 


*  The  attendances  are  taken  from  the  Attendance-book,  which  each  Delegate^ 
is  requested  to  sign  on  entering  the  Meeting-room.  o 
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Liverpool  Oeograpbical  Society .        .    James  Irvine,  K.B.G.8. 
Liverpool  Geological  Society      .        .    Joseph  Lomas,  F.G.S. 

1    2    Manchester  Oeographical  Society      ,    J.  Howard  Beed. 
1    2    Manobeeter  Oeologioal   and  Mining  \  ^^n^^i  Watta 

Society.  J 

1    2    Manchester  Mieroscopicai  Society     .    F.  W.  Hembry,  F.R.MJ3. 
^    ^    **S^^°°*^**  ln»titntion  of  Kn-  \  j  ^  j^^^^^^  M.Inst.C.B. 

''a.SS^^S^BilniS^'  ^'^j  Arnold  Lnpton.M.In.tC.K. 
1    2    ^°^et  ""^    N°"^**  NatnralisU'  J  sastace  Qum«y. 

'    '    ""Srh^FteldC^r    ^'«"*'^}Beebytl.omp«>n.F.0.8. 
North  of  England  Institute  of  Mining  I  a    p  Co«nrftr 
and  Mechanical  Engineers.  J  ^' ^  oawyer. 

2    North  Staffordshire  Field  Club  .        .    W.  D.  Spanton,  F.R.C.S. 
Northumberland,  Durham,  and  New- ) 
castle-upon-Tyne  Natural  History  I  N.  H.  Martin,  F.B.8.E. 
Society.  J 

Nottingham  Naturalists'  Society         .    Prof.  J.  W.  Oarr,  M.A.,  F.L.S. 
1    2    Paisley  Philosophical  Institution        .    Wm.  Peattie. 
1    2    Perthshire  Society  of  Natural  Science    H.  Goates,  P.R.S.E. 
1    2    Quekett  Microscopical  Club  .    G.  F.  Bonsselet,  F.R.M.8. 


J.  R.  Ashworth,  D.8g. 


Bev.  R.  Ashington  Bulleo,  B.A., 
F.L.S, 


A.  B.  Sawyer. 


1    2    Bochdale    Literary    and     Scientific' 
Society. 
2    Somersetshire     Archasological     and !«,  ^  rn.»i,  vtq 
Natural  History  Society.  /  ^  '^'  ^^^^^  ^'^'^• 

\    2    South-Eastem   Union   of    Scientific' 
Societies. 
South  Staffordshire  and   East  Wor-^ 
cestershire    Institute    of    Mining 
Engineers. 

Tyneside  Geographical  Society  .        .    Herbert  Shaw,  F.B.G.8. 
1     2    Woolhope  Naturalists'  Field  Club      .    Bev.  J.  O.  Bevan,  M.A.,  F.S.A. 

1  Yorkshire  Naturalists' Union     .        .    T.  Sheppard,  F.G.8. 

2    Yorkshire  Philosophical  Society        .    Dr.  Tempest  Anderson. 

First  Meeting,  October  30. 

This  Meeting  was  presided  over  by  Dr.  Smith  Woodward,  P.R.S. 
The  Corresponding  Societies  Committee  were  represented  by  Mr.  Whitaker, 
F.R.S.,  the  Rev.  J.  O.  Bevan,  the  Rev.  T.  R.  R  Stebbing,  P.R.S.,  Dr. 
J.  G.  Garson,  Dr.  H.  R.  Mill,  Mr.  J.  Hopkinson,  and  Mr.  Rudler. 

The  Chairman  of  the  Conference,  after  welcoming  the  Delegates, 
delivered  the  following  Address  : — 

CIiairman*8  Address, 

I  esteem  it  a  special  honour  to  have  been  deputed  by  the  Council  to 
preside  over  this  Conference  of  Delegates,  because  there  is  no  nation  in 
the  world  in  which  local  Scientific  Societies  are  so  numerous  or  form  so 
prominent  a  feature  of  intellectual  life  as  in  the  kingdom  of  Great  Britain 
and  Ireland.  I  also  undertake  the  duty  with  peculiar  pleasure,  because 
I  began  my  scientific  career  as  an  active  member  of  the  small  Society  at 
one  time  flourishing  in  my  native  town,  and  it  was  then  that  I  first 
learned  how  to  observe  and  how  to  write  down  my  observations  in  a 
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logical  form.  None  but  those  who  have  associated  with  the  scientific 
men  of  other  countries,  and  have  seen  the  splendid  isolation  in  which 
moet  of  them  are  accustomed  to  work,  can  appreciate  the  service  which 
our  scattered  small  Societies  render  to  the  cause  of  natural  science  here. 
Through  the  influence  of  these  bodies  everyone  who  is  able  to  devote  his 
energies  to  original  research  is  assured  the  sympathy,  and  frequently  the 
hekp^  of  a  multitude  of  cultured  men  who  are  too  much  occupied  with 
other  pursuits  to  give  more  than  superficial  attention  to  naturad  science. 
Throiigh  the  same  influence  also  a  continual  stream  of  recruits  is  furnished 
to  the  great  Societies  in  our  three  metropolitan  centres,  whose  activities 
and  resources  excite  the  admiration,  if  not  the  envy,  of  our  colleagues  in 
acientifio  research  abroad. 

The  purpose  of  this  (conference,  however,  is  not  to  dilate  on  our  happy 
circumstances  and  achievements,  but  rather  to  consider  how  we  can 
render  the  organisation  and  work  of  the  Societies  more  effective  in  pro- 
motii^  the  ol^ects  for  which  the  British  Association  exists.  I  therefore 
hope  I  may  be  pardoned  if  I  devote  the  greater  part  of  my  brief  Address 
to  critical  remarks  and  suggestions.  One  who  comes  into  contact  with 
many  local  Societies,  and  takes  little  part  in  the  work  of  any,  receives 
impressions  which  may  interest  those  among  the  Delegates  who  have  not 
had  the  opportunity  of  taking  the  same  broad  point  of  view.  Some  of 
these  impressions  I  purpose  to  recount. 

In  the  first  place  it  seems  to  me  that  some  of  the  Societies — especially 
the  Field  Clubs,  which  admit  too  many  so-called  '  antiquarians ' — con- 
tinually reduce  their  efficiency,  and  even  endanger  their  existence  as 
scientific  bodies,  by  the  luxurious  picnics  which  are  misnamed  'ex- 
caraiohs.'  The  excursion -circulars  of  one  Society,  which  I  often  see, 
particularly  amuse  me.  The  hour  of  starting  is  made  sufficiently  late  to 
avoid  the  discomforts  of  even  moderately  early  rising;  carriages  are 
arranged  for  every  possible  part  of  the  route  ;  at  least  an  hour  is  spent  in 
an  elaborate  luncheon  at  some  well-appointed  hostelry  ;  an  hour  and  a 
half  afterwards  an  amiable  hostess  invites  the  party  to  tea  ;  and  then, 
after  inspecting  some  old  building,  the  direct  return  journey  is  begun. 
Natural  history  forms  an  entirely  subordinate  part  of  the  programme. 
I  know  three  Societies  which  have  lost  the  co-operation  of  some  of  the 
best  naturalists  in  their  district  by  frivolity  of  this  kind  ;  and,  however 
tempting  the  prospect  of  multiplied  subscriptions  may  be,  I  do  not  think 
it  18  to  &e  advantage  of  science  for  any  Society  to  increase  its  member- 
ship at  the  sacrifice  of  strict  attention  to  its  main  objects.  Excursions 
are  a  most  admirable  institution,  but  when  intended  for  the  study  of 
natural  history  should  be  as  systematically  scientific  as  the  meetings. 

A^ain,  I  would  allude  for  a  moment  to  the  intellectual  entertainment 
provided  at  the  evening  meetings.  As  remarked  by  my  predecessor  last 
year,  there  can  be  no  doubt  that  the  best  work  done  by  the  smaUer 
Societies  is  that  of  instruction  in  the  current  progress  of  science,  and  the 
presentation  of  the  matter  in  such  a  form  as  to  rouse  interest  in  scientific 
pursuits.  In  most  cases  this  work  is  admirably  done  by  the  various 
members  who  happen  to  be  absorbed  in  the  different  branches  of  science 
to  which  they  devote  their  leisure ;  but  some  Societies  are  more  ambitious 
and,  while  maintaining  their  original  very  moderate  subscription,  exert 
all  the  personal  influence  they  can  command  to  induce  professional  scien 
tific  men  to  come  and  give  them,  as  an  entirely  gratuitous  service,  the 
fruit  of  their  life-long  studies.     I  know  one  Society,  oansisting  mainly 
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of  well-to-do  people,  whicli  has  already  carried  on  this  practice  for  several 
years.  By  personal  solicitation,  which  it  is  difficult  to  refuse,  they  induce 
professional  men  not  only  to  lecture,  but  to  take  the  trouble  to  make 
their  lectures  popularly  entertaining  ;  and  yet  the  members  pay  less  for 
the  whole  season's  course  than  most  of  them  would  have  neither  hesita- 
tion nor  difficulty  in  paying  for  a  single  seat  at  a  concert.  Now  profes- 
sional scientific  men,  as  a  rule,  are  so  much  interested  in  their  researches 
that  they  are  only  too  ready  to  communicate  whatever  they  can  to  any 
sympathetic  inquirer  ;  but  it  rarely  happens  that  their  ordinary  income 
is  commensurate  with  the  circumstances  in  which  they  are  compelled  to 
live.  It  is  therefore  unfair,  to  say  the  least,  to  expect  them  to  do  real 
hard  work,  such  as  a  popular  lecture  entails,  without  being  provided  with 
the  fee  which  would  go  as  a  matter  of  course  to  the  medical  man, 
lawyer,  or  musician  in  the  exercise  of  any  of  his  professional  duties.  If 
a  Society  decides  to  arrange  for  the  highest  type  of  instruction,  it  should 
in  any  case  make  the  subscription  sufficiently  large  to  prevent  this  teach- 
ing from  being  done  at  the  expense  of  those  who  can  least  afford  it. 

Even  in  the  case  of  Societies  whose  main  object  is  to  encourage 
original  research,  it  is  becoming  more  and  more  expedient  to  restrict  the 
meetings  almost  entirely  to  general  discourses  and  demonstrations. 
Nearly  all  original  papers  are  now  of  necessity  so  technical  that  they 
must  be  studied  closely  in  print  before  they  can  be  appreciated  ;  and  the 
most  active  even  of  the  metropolitan  Societies  are  those  which  make 
a  special  feature  of  '  exhibits  '  while  taking  the  majority  of  papers  as 
*  read.'  I  have  often  thought  that  in  the  smaller  local  Societies  much 
might  be  accomplished  by  making  special  arrangements  for  papers  by  real 
workers  to  treat  of  the  unsolved  problems  of  the  sciences  in  which  they 
are  interested.  I  believe  it  is  a  maxim  among  ordinary  teachers  that  the 
learner  must  be  told  facts  as  definitely  as  possible,  and  not  allowed  to 
suspect  that  there  may  be  doubt  about  any  of  them.  Consequently  all 
elementary  books  of  instruction  are  written  to  give  the  impression  that 
there  is  no  particular  in  which  the  knowledge  they  contain  can  be 
improved.  For  the  guidance  of  more  advanced  students,  who  know 
better,  we  are  distinctly  in  need  of  a  series  of  books  to  treat  of  ignorance 
rather  than  knowledge  ;  and  until  these  are  forthcoming  the  Societies 
cannot  do  more  important  service  to  research  than  that  of  supplying  the 
deficiency. 

The  allusion  to  books  of  reference  reminds  me  of  another  direction  in 
which  the  local  Societies  might  with  advantage  exert  more  influence  than 
they  are  commonly  accustomed  to  do.  The  selection  of  books  on  natural 
science  in  many  of  our  smaller  public  libraries  can  only  be  described  as 
lamentable.  Not  only  is  the  student  of  small  means  unable  to  borrow 
from  this  source  the  ordinary  standard  treatises  which  a  competent  Com- 
mittee should  provide  :  he  can  rarely  find  even  the  most  important  books 
descriptive  of  the  natural  history  of  the  district  in  which  the  library  is 
situated.  I  know  one  of  these  small  libraries  where  the  Librarian  and 
Committee  are  so  ignorant  that,  for  lack  of  capacity  to  choose  new  books, 
they  have  confined  their  attention  for  many  years  to  buying  new  copies 
of  the  old  books  that  happen  to  have  been  worn  out  by  prolonged  and 
continual  service.  They  have  solved  their  difficulties  by  supplying  what 
seemed  to  be  in  constant  demand.  I  believe,  in  response  to  public  ridicule, 
the  Committee  have  latiOy  ordered  their  Librarian  (a  hopelessly  illiterate 
mrwi)  to  read  the  *  Publishers'  Circular'  and  the  * -A.T,henaeura,'  so  that  he 


CORRESPONDING    SOCIETIES.  41 

may  examine  reviews  and  notices  and  direct  their  attention  to  anything 
worth  baying.  When  such  incompetence  prevails  in  the  selection  even  of 
general  literature,  in  which  all  educated  people  are  more  or  less  interested, 
it  is  not  surprising  that  less  popular  subjects  should  suffer ;  and  if  the 
library  Committees  themselves  do  not  seek  the  advice  of  the  local  Socie- 
ties, the  latter  should  certainly  assert  themselves  more  .than  they  usually 
do,  and  insist  that  at  least  the  more  important  of  the  larger  educational 
works  on  science  shall  be  pi-operly  chosen  and  made  available  for 
reference. 

I  am  glad  to  learn  from  this  year's  Report  of  the  Corresponding 
Societies  Committee  that  the  British  Association  has  now  decided,  on 
certain  conditions,  to  admit  to  our  Conference  Delegates  from  the  local 
Societies  which  do  not  attempt  more  than  the  educational  and  missionary 
work  of  which  I  have  been  speaking.  The  importance  of  a  Society's 
efforts  for  the  advancement  of  science  is  by  no  means  always  measurable 
by  the  extent  of  its  publications,  and  I  feel  sure  that  the  next  Conference 
will  welcome  among  the  Delegates  from  the  newly  Associated  Societies 
several  most  useful  members.  In  fact,  I  am  inclined  to  agree  with  my 
predecessor  of  last  year,  that  we  should  discourage  rather  than  foster  the 
multiplication  of  publications  by  local  Societies.  I  entirely  disagree 
with  Principal  Griffiths'  proposal  for  the  establishment  of  a  new  central 
Journal ;  but  I  do  think  that  the  tendency  towards  centralisation  in  the 
publication  of  nearly  all  the  best  work  during  the 'past  two  decades  is  A 
matter  for  great  satisfaction  among  scientific  men.  It  is  stUl  possible  for 
those  who  are  engaged  in  research,  and  who  publish  their  results  in  the 
journals  of  the  great  Metropolitan  Societies,  to  be  at  the  same  time  most 
active  members  of  the  Field  Clubs  and  Societies  in  the  districts  in  which 
they  reside.  At  the  local  meetings  they  have  the  opportunity  of  discussing 
their  researches  with  their  fellows  before  they  are  sufficiently  advanced 
for  publication  ;  and  I  know  several  cases  connected  with  my  own  branch 
of  science  in  which  the  value  of  the  completed  work  as  published  depends 
largely  on  the  unreported  Conferences  which  have  been  held  upon  it  in 
the  district  where  it  was  produced.  There  still  remain,  of  course,  several 
matters,  chiefly  of  local  interest,  which  it  is  advisable  to  publish  on  the 
spot,  and  these  should  form  the  bulk  of  a  Society's  annual  issue. 

Finally,  I  would  allude  to  the  main  object  for  which  this  Conference 
appears  to  have  been  originally  established.  I  think  it  was  hoped  that 
an  annual  meeting  of  Delegates  would  lead  to  more  definite  concerted 
action  or  co-operation  between  the  local  Societies  in  prosecuting  certain 
specified  lines  of  research.  It  was  thought  that  proposals  for  organised 
work  might  be  formulated,  and  that  each  active  Society  would  accom- 
plish its  share  of  the  programme.  Year  after  year,  however,  suggestions 
have  been  made  and  inquiries  have  been  started,  in  most  cases,  I  believe, 
without  any  satisfactory  response.  In  fact,  the  spirit  of  individualism 
seems  to  pervade  our  scientific  Societies  just  as  it  pervades  everything  that 
is  distinctively  British.  We  cannot  endure  the  feeling  that  we  are  merely 
units  in  the  working  of  an  organised  machine  ;  we  all  wish  for  freedom 
to  follow  our  own  inclinations.  However  large  and  important  a  Society 
may  be,  its  main  activities  always  depend  on  quite  a  small  proportion  of 
its  members,  and  if  they  have  gradually  lapsed  into  a  settled  routine,  it  is 
difficult  for  any  outside  influence  to  make  much  alteration  in  their  course. 
Moreover,  I  fear  that  the  all-pervading  mania  for  Hit-bits/  which  is 
so  characteristic  of  this  restless  age,  has  penetrated  even  Knme  of  ga£ 
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Societies,  and  reduced  the  amount  of  systematic  and  persistent  plodding 
which  is  necessary  for  many  important  lines  of  research.  An  'infinite 
capacity  for  taking  pains '  is  much  more  fruitful  than  genius  in  not  a  few 
directions  ;  and  if  the  active  members  of  a  Society  lack  this  quality,  it  is 
hopeless  to  expect  them  to  assist  in  any  extensive  and  organised  scheme. 
Nevertheless,  it  seems  to  roe  that  this  Conference  has  other  and  perhaps 
equally  important  uses.  It  enables  the  chosen  representatives  of  the 
various  Societies  to  discuss  many  general  questions  in  which  all  are  inter- 
ested ;  it  brings  together  many  active  workers  whose  exchange  of  ideas, 
in  private  conversation  quite  as  much  as  in  public  meeting,  tends  to  the 
advancement  of  our  common  object ;  and  if  none  of  our  resolutions  have 
much  binding  force  in  plans  for  organised  research,  there  cannot  be  any 
doubt  as  to  the  value  of  the  union  in  friendship  which  results  from  the 
intercourse  that  is  held. 

At  the  conclusion  of  the  Chairman's  Address  the  Keport  of  the 
Corresponding  Societies  Committee  was  read  by  the  Secretary. 

The  Rev.  T.  R.  R.  Stebbing  (Corresponding  Societies  Committee),  in 
opening  the  discussion,  said  he  would  like  to  ask  the  opinion  of  the 
Delegates  on  the  question  of  excursions,  which  had  been  touched  on  by 
the  Chairman.  The  speaker  in  his  younger  days  had  attended  a  great 
many  of  these  excursions  in  Devonshire,  and  had  found  that  when,  for 
example,  he  was  collecting  fossils,  and  wanted  to  set  to  work  with  hammer 
and  chisel  on  some  very  hard  rock,  before  he  had  had  time  to  acquire  his 
specimen  all  the  rest  of  the  members  of  the  excursion  were  a  mile  or  more 
away.  The  same  thing  happened  when  he  was  interested  in  collecting 
wood-lice.  He  did  not  know  what  remedy  there  was  for  people  of  like 
tastes  with  himself,  unless  they  could  be  attended  with  a  motor-car  that 
would  enable  them  to  overtake  the  other  members  of  the  excursion ! 
In  the  case  of  archaeology  it  was  different,  as  when  anyone  was  dis- 
coursing on  the  ruins  of  a  castle  or  an  interesting  church  the  whole  party 
could  study  it,  and  the  public  at  large  were  generally  interested  in  su<ji 
subjects,  whereas  in  the  study  of  natural  history  there  were  probably 
but  very  few  members  who  cared  for  each  special  branch.  While  he  wag 
President  of  a  local  Natural  History  Society  he  bad  endeavoured  to  con- 
fine himself  to  natural  history  as  much  as  possible,  but  he  found  that 
the  lectures  on  architecture  were  more  popular  than  any  of  their  natural 
history  subjects.  Then  one  year  they  endeavoured  to  get  specialists  of 
repute  to  whom  they  paid  considerable  fees,  and  they  had  a  very  good 
time,  but  unfortunately  were  left  in  debt. 

Mr.  W.  Dale  (Hampshire  Field  Club  and  Archseological  Society)  said 
that  he  had  had  a  good  deal  of  experience,  having  been  Secretary  of 
a  club  numbering  300  members,  and  that  he  had  the  same  difficulty  as 
that  referred  to  by  Mr.  Stebbing.  They  had  no  evening  meetings,  and 
he  very  much  questioned  whether  evening  meetings  properly  beloi^ed  to 
Natural  History  or  Field  Clubs.  He  thought  a  Natural  History  Society 
should  take  the  field,  and  study  nature  in  the  open  air.  He  found  it 
convenient  to  arrange  during  the  session  at  least  three  sectional  meetings 
for  the  study  of  natural  history,  which  they  called  Meetings  for  Nature- 
Study.  In  a  Field  Club  there  would  always  be  a  certain  number  of  people 
who  were  devoted  to  architecture. 

Mr.  W.  Gray  (Belfast  Naturalists'  Field  Club)  said  his  Society  num- 
bered about  400  members,  and  he  had  been  connected  with  it  for  over 
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forty  years,  having  been  Secretary  for  about  fifteen  years.  With  all  due 
respect  to  the  remarks  that  had  been  made,  he  believed  that  the  serious 
work  of  a  scientific  Society  could  be  combined  with  the  more  popular 
side,  and  he  believed  it  should  be  the  object  of  the  local  scientific  Society 
to  m&ke  real  solid  science  popular. 

Mr.  Beeby  Thompson  (Northamptonshire  Natural  History  Society) 
said  it  was  useless  to  go  out  with  an  excursion  with  the  object  of  doing 
any  solid  work.  Those  who  were  familiar  with  such  excursions  must  be 
well  aware  that  there  was  little  time  for  actual  work,  and  indeed  he  did 
not  think  the  excursions  were  quite  intended  for  that  kind  of  thing.  In 
all  these  excursions  the  chief  object  should  be  to  show  the  members  of  the 
Society  what  was  of  interest  in  natural  history,  and  if  they  wanted 
really  to  work  they  must  go  at  some  other  time.  Excursions  afforded 
facilities  for  getting  over  much  ground  under  a  competent  director  ;  but 
if  one  of  the  party  came  across  anything  to  work  at,  he  should  go  back 
and  undertake  the  research  at  leisure.  Many  of  the  excursions  which 
had  been  described  as  picnics  might,  after  all,  be  very  useful. 

Mr.  P.  Ewing  (Glasgow  Natural  History  Society)  said  that  his  Society 
was  not  troubled  with  the  expense  of  excursions,  for  their  Excursions 
Committee  arranged  in  such  a  way  that  no  expense  for  the  day  should 
exceed  half-a-crown.  Their  excursions  usually  took  place  on  a  Saturday, 
when  reduced  fares  could  be  obtained.  When  organising  an  excursion 
they  stated  definitely  what  its  special  objects  were.  If  it  was  for  omi- 
tholoigy  they  named  the  birds  that  were  common  to  the  particular  district 
they  intended  visiting ;  if  for  botany,  the  plants  that  were  likely  to  be 
seen  ;  and  so  on.  Their  Society  divided  itself  into  six  sections  under 
special  leaders. 

Mr.  H.  Coates  (Perthshire  Society  of  Natural  Science)  said  that  his 
Society  made  a  standing  rule  not  to  accept  any  kind  of  hospitality,  and 
this  was  now  so  well  known  that  they  were  not  asked  to  accept  it. 
They  sought  to  attain  definite  results  by  appointing  leaders  skilled  in 
each  subject.  He  would  mention  that  within  the  last  two  years  they 
bad  tried  a  new  experiment  which  had  been  very  successful,  namely,  the 
establishment  of  a  Junior  Section  of  the  Society,  consisting  of  the  elder 
children  of  the  schools  who  had  gone  in  for  a  Natural  History  Essay  Com- 
petition which  the  Society  had  instituted.  Those  who  were  successful 
were  allowed  to  join  the  Junior  Section,  and  there  were  a  few  excursions 
organised  especially  for  them,  each  of  which  was  led  by  an  adult  botanist, 
ornithologist,  and  so  on,  of  the  Society ;  and  they  were  specially  enjoined 
to  avoid  interference  with  rare  plants  or  animals.  They  were  told  to  look 
bat  not  to  touch.  These  junior  excursions  had  been  found  very  successful, 
and  had  not  developed  into  mere  pleasure-excursions  or  picnics  on  the 
part  of  the  children.  They  found  that  those  who  had  gone  in  for  the 
Essay  Competition  were  really  in  earnest,  and  were  glad  of  the  help 
of  the  Society's  adult  members.  In  these  ways  Mr.  Coates  thought 
they  had  got  over  a  few  of  the  difficulties  which  the  Chairman  had 
referred  to. 

Mr.  W.  Marsh  (Leeds  Naturalists'  Club)  said  he  thought  they  must 
all  be  agreed  as  to  the  great  value  of  the  excursions  of  their  Societies  in 
Yorkshire,  There  was  one  of  these  local  Societies  in  every  town  and 
practically  in  every  parish.  The  Naturalists'  Union  is  held  together  by  its 
excursions.  They  organised  eight  in  the  year,  and  worke<l  much  upon 
the  lines  mentioned  by  Mr.  Coates,  going  to  a  particular  district  where 


44  REroRT~-1905. 

• 

they  miglit  expect  to  find  a  rare  plant  or  insect,  or  for  a  particular 
geological  purpose,  and  visiting  a  different  division  of  the  county  at  each 
excursion.  They  thought  the  picnic  element  was  very  strongly  to  be 
deprecated.  As  the  group  of  Affiliated  Societies  consists  of  such  Societies 
as  undertake  local  investigation  and  publish  their  results,  Mr.  Marsh 
said  he  would  like  to  ask  whether  the  Committee  had  any  condition  as 
to  the  length  of  time  which  should  elapse  before  the  publication  of  such 
results.  The  Society  he  represented  did  not  always  consider  it  advisable 
to  publish  immediately,  but  held  over  anything  of  interest  they  might 
have  until  they  had  a  sufficient  number  of  papers  to  make  a  volume. 

Mr.  E.  R.  Sykes  (Dorset  Field  Club)  said  he  felt  that  his  Society  had 
become  rather  too  much  of  a  picnic  society,  but  they  were  bent  on  mend- 
ing  their  ways. 

The  Rev.  W.  Lower  Carter  (Yorkshire  Geological  Society)  explained 
that  the  Yorkshire  Naturalists'  Union  had  a  membership  numbering  400 
members  and  3,000  associates.  One  important  thing  connected  with  the 
Society  was  the  circular  which  it  sent  out.  It  contained  notes  on  all  the 
various  branches  of  natural  history  of  the  district,  given  in  a  very  brief  form, 
with  suggestions  for  looking  for  any  plants,  insects,  <S^c.,  which  have  at 
some  time  been  found  but  have  not  been  seen  for  a  number  of  years. 

Mr.  W.  Whitaker  (Vice- Chairman),  referring  to  the  question  asked 
by  Mr.  Marsh  as  to  the  length  of  time  given  for  the  publication  of  reports 
of  the  different  Societies,  said  he  did  not  know  that  there  was  any  definite 
rule  on  the  subject,  but  his  own  idea  was  that  they  looked  forward  to  some- 
thing every  year.  But  if  a  Society  published  a  number  every  two  years, 
and  that  was  its  method  of  publication,  the  Committee  would  not  expect 
more.  What  they  wanted  to  do  was  to  keep  the  Societies  in  touch,  and 
they  would  be  inclined  to  look  leniently  on  a  little  lapse  in  publication. 

Mr.  William  Martin,  M.A.,  LL.D.,  introduced  the  following  subject : 

TJie  Law  of  Treasure  Trove,  especially  in  relation  to  local  Sdentifie  Societies. 

The  law  of  treasure  trove  has  hitherto  been  the  recipient  of  much 
condemnation.  It  is  customary  to  find  attributed  to  it  the  loss  of  valuable 
and,  indeed,  irreplaceable  relics  of  bygone  times.  Defence  of  the  existing 
system  which  allocates  to  the  Crown,  or  the  Crown's  assignees,  ownerless 
gold  and  silver  accidentally  discovered,  or  exhumed  after  search^  is  rarely 
heard.  In  fact,  treasure  trove  is  often,  perhaps  usually,  considered  as 
synonymous  with  *  melting-pot.'  Thus,  a  maintenance  of  the  law  of 
treasure  trove,  we  are  told,  '  is  the  best  way  to  ensure  that  no  such  dis- 
coveries are  made  known,  and  to  diive  the  finder  to  put  all  such  treasures 
in  the  melting-pot.'  ^  While  but  few  submit  practical  suggestions  for  the 
amendment  of  the  existing  system — suggestions  which  the  Government 
might  have  no  hesitation  in  accepting — in  many  quarters  a  drastic  altera- 
tion of  the  existing  provisions  is  demanded. 

Now  a  radical  amendment  of  the  law  of  treasure  trove  may,  in  view 
of  the  difficulties  attendant  upon  legislation,  not  to  mention  the  deep- 
rooted  conservative  instinct  of  lawyers  and  landed  proprietors,  be  con- 
sidered as  almost  *  beyond  the  range  of  practical  politics.'  May  it  not, 
then,  be  well  to  examine  closely  the  present  system,  and  to  seek  for 
amendment  whereby,  without  offence  to  the  susceptibilities  of  the  various 

»  Methods  and  Aims  in   irchaology,  by  W.  M.  Flindere  Petrie  (1904),  p.  183. 
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classes  of  society,  muck  of  the  e\i\  which  the  law  is  said  to  have  engen- 
dered may  be  removed,  and  the  way  paved  for  an  extension  of  the  law 
more  in  consonance  with  modern  feeling  and  enterprise  ? 

With  the  view  of  showing  that  improvement  might  be  accomplished 
by  a  more  efficacious  administration  of  the  present  law,  and  by  employing 
to  a  greater  extent  the  powers  already  possessed  by  the  authorities,  the 
following  remarks  are  submitted  for  consideration. 

The  natural  feeling  that  the  apprehension,  or  the  detention,  of  derelict 
property  carries  with  it  the  right  to  possess,  has,  in  mature  systems  of 
jarisprudence,  given  place  to  the  knowledge  that  the  right  to  possess  by 
no  means  follows  upon  a  detention.  In  some  instances  only,  as  is  well 
known,  does  legal  ownership  follow  the  mere  fact  of  possession  or 
detention.  When  however  there  is  found  property  uncared  for,  and 
lacking  visible  guardianship,  the  natural  feeling  that  ownership  should 
follow  upon  possession  asserts  itself  so  strongly  as  sometimes  to  stifle 
conscience.  Efforts  to  find  an  owner  are,  in  consequence,  relaxed,  and 
the  assurance  assumed  that  the  law,  when  indeed  a  thought  is  given  to 
it  in  such  a  case,  is  on  the  side  of  the  finder. 

In  the  case  of  gold  and  silver  that  have  been  put  by  with  a  view  to 
reclamation  and  all  knowledge  of  the  deposit,  or  of  the  depositor,  has 
vanished,  the  treasure  accrues  in  jure  regcdi  to  the  Crown.  When  the 
Crown  has  transmitted  its  rights,  treasure  trove  passes  to  the  Crown's 
assignee. 

By  the  law  of  treasure  trove,  then,  the  rights  of  the  finder,  whatever 
they  may  be,  are  postponed  to  those  of  the  Crown,  so  that  the  law  of  first 
finding  is  ousted. 

As  already  mentioned,  it  is  deplored  by  many  that  the  Crown  steps  in 
and  secures  ^e  result  of  a  find.  It  is  assumed  that  were  this  exception 
to  the  law  of  first  finding  removed,  the  finder  would  proportionately  be 
benefited  by  not  being  deprived  of  what  in  justice,  it  is  said,  belongs  to 
him,  and  that  the  risk  of  a  consignment  to  the  melting-pot  of  unique 
articles,  ancient  and  modern,  would  be  so  lessened  as  practically  to  be 
non-existent. 

That  the  truth  of  this  assumption  is  more  than  doubtful  a  cursory 
examination  of  the  law  of  first  finding  will  suffice  to  show.  According  to 
that  law,  the  instances  when  the  finder  of  derelict  property  becomes  its 
owner  by  the  mere  fact  of  finding  and  taking  possession  are  by  no  means 
common.  Whether  in  the  absence  of  all  knowledge,  actual  or  constructive, 
of  the  loser,  a  finder  may  assume  the  favoured  position  of  owner  depends 
largely  upon  the  locality  of  the  find  and  the  position  that  the  finder  bears 
towards  that  locality.  Probably  the  case  which  is  most  favourable  to  the 
finder  is  when  the  property  has  been  lost  on  the  highway  or  in  a  shop  to 
which  the  public  has  had  access.  On  the  other  hand,  it  is  clear  that  those 
who  are  employed  on  private  land  cannot  retain,  as  against  the  owner 
of  the  site,  articles  found  during  the  course  of  their  duties. 

Further  it  is  highly  improbable  that  a  mere  tenant  could  legally  hold 
finds  from  his  landlord's  estate  as  against  that  landlord.  We  are  also  all 
conversant  with  the  difficulties  of  settling  the  rights  of  a  finder  as  regards 
property  found  in  quasi-public  places,  such  as  promenade  piers,  tramcars, 
and  the  like  ;  for  the  fact  of  finding  by  no  means  concludes  the  matter. 
In  the  result  it  is  unsafe  to  dogmatise  upon  the  ownership  of  lost  property 
when  found  by  one  to  whom  the  owner  is  unknown  or  practicaUy 
unknowable.     A  settlement  of  the  question  can  only  be  had  in  this,  as 
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ill  other  counections,  in  the  full  light  of  all  the  circumstances  of  the 
finding. 

Now,  since  amon^  the  essentials  of  treasure  trove  is  that  of  an 
advertent  depositing,  it  is  unlikely  that  the  treasure  would  come  within 
these  cases  where,  in  the  absence  of  a  law  of  treasure  trove,  finds  belong 
to  their  accidental  discoverer.  From  the  circumstances  in  which  treasure 
trove  was  originally  put  out  of  sight  and  eventually  lost  to  mind,  it  may 
safely  be  classed  with  those  objects  which  become  attached  to  the  soil, 
and  pass  with  it  to  the  successive  owners,  of  course  supposing  the  absence 
of  a  special  law  to  the  contrary.  The  articles  then  constituting  the  find 
would  certainly  not  belong  to  him  who  accidentally  discovered  their 
hiding-place ;  indeed  a  retention  by  him  with  the  immediate  intention 
of  depriving  permanently  the  owner  of  the  soil  of  his  property  in  them 
would  be  criminal.  After  the  owner  had  gained  physical  possession  of 
the  articles,  he  would  be  at  liberty  to  sell,  preserve,  or  retain  them,  or  to 
destroy  them  capriciously,  advertently,  or  without  a  thought  of  his  action. 
But,  thanks  to  the  law  of  treasure  trove,  precious  metal  may  not  be  cast 
into  the  melting-pot  precipitately  unless  the  Crown  has  transferred  to 
others  its  right  to  treasure  trove.  Even  when  an  individual  or  a  corporate 
body  owns  the  right  to  treasure  trove  found  on  the  demesne,  articles 
which  illegally  have  been  withheld  may  eventually  become  the  property 
of  the  finder  owing  to  the  action  of  the  Statute  of  limitations,  six  years 
being  the  prescriptive  period  (21  Jac.  I.,  1623,  c.  16).  Remembering  the 
class  of  persons  who  usually  discover  treasure  trove,  the  risk  of  the 
melting-pot  under  the  general  law  is  thus  further  increased.  As  against 
the  Crown  and  its  property  the  Statute  of  Limitations,  of  course,  has 
no  place. 

Let  us  now  for  a  moment  briefly  review  the  action  of  the  Crown  when 
treasure  trove  reaches  the  hands  of  the  Treasury  officials.  First,  as 
regards  the  finder,  the  Treasury  promises  remuneration  to  an  extent 
proportionate  to  the  value  of  the  discovered  articles  retained  by  the 
Treasury.  In  the  Treasury  Circular  of  1886  no  allusion  is  made  to  the 
owner  of  the  soil  or  to  any  other  person  in  whom,  according  to  the  law  of 
first  finding,  the  articles  should  vest.  Secondly,  as  regards  the  articles, 
these  when  received  are  sent  to  the  British  Museum  or  to  some  other 
institution.  In  the  event  of  the  articles  not  being  required  they  are 
returned  to  the  finder. 

It  may  now  be  asked.  In  what  way  would  the  abolition  of  the  law  of 
treasure  trove  subserve  the  interests  of  archseolc^  ?  It  is  clear  that  the 
finder  would  not  be  benefited,  for  experience  shows  that  a  finder  as  a  rule 
disposes  of  his  find  to  the  first  stranger  who  offers  what  the  finder  in  his 
ignorance  considers  adequate.  Would  the  public  be  the  better  t  Rarely 
would  treasure  find  its  way  into  public  museums  ;  at  any  rate  not  to  t^e 
extent  to  which  it  is  now  possible.  At  the  best  the  treasure  would  be 
placed  in  a  private  collection,  or,  what  is  worse,  would  be  passed  from  one 
to  another  until  all  knowledge  of  the  locality  of  the  find  and  of  the 
attendant  circumstances  was  lost.  Surely  it  is  not  less  law  of  treasure 
trove  that  we  want,  but  more.  Its  provisions  should  be  extended  so  as  to 
include  '  with  adequate  safeguards  and  inducements,  all  objects  of  distinct 
antiquarian  value,  whether  of  gold  or  silver,  or  not,  and  irrespective  of 
any  requirement  of  proof  or  presumption  as  to  their  having  been  originally 
hidden.' ' 

»  Jitridioal  lievieie,  vol.  xv.  p.  277.  Digitized  by  GoOglc 
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On  the  present  occasion,  however,  it  is  only  incidentally  that  I  woald 
urge,  i£  need  be,  an^extension  of  the  law.  My  object  is  rather  to  indicate 
how  by  a  mere  departmental  instruction,  at  the  cost  of  printing  and 
postage  alone,  the  risk  in  England  and  Wales  of  loss  of  objects  of 
antiquarian  value  might  be  considerably  lessened.  I  am  alluding  to  a 
suggested  recognition  by  the  Treasury  of  its  servants,  viz.  Post  Office 
officials,  who  are  to  be  found  in  every  village  and  town  throughout  the 
country,  as  the  accredited  custodians  for  the  time  being  of  all  articles  of 
antiquarian  value,  which  having  been  brought  to  them  purport  to  have 
been  discovered  in  the  neighbourhood.  Further,  I  am  suggesting  the 
dissemination  through  those  officials,  as,  for  instance,  by  notices  and 
posters,  of  the  liberal  terms  which  the  Treasury  has  promised  to  finders. 

Aa  regards  the  first  point,  the  Post  Office  for  many  reasons  is  to  be 
preferred  to  the  police  officials.  The  reasons  for  the  preference,  even  if 
not  obvious,  need  not  here  be  enumerated.  With  respect  to  the  prac- 
ticability of  the  scheme  suggested,  I  have  been  informed  privately  by  an 
official  of  the  Post  Office  that  there  could  be  no  objection  from  a  practical 
point  of  view  to  the  receipt  of  treasure  trove  and  other  articles,  provided 
that  they  were  immediately  forwarded  to  the  postmaster  of  the  district 
in  which  the  receiving  office  lay.  On  the  delivery  by  the  finder  of  the 
article  at  the  village  or  other  post  office  he  should  be  given  a  receipt 
with  counterfoil  and  an  envelope  addressed,  say,  to  the  Treasury  Solicitor. 
The  receipt  could  then  be  placed  in  the  envelope  and  posted  by  the  finder 
himself  who  would  retain  the  counterfoil.  In  this  way  the  confidence  of 
finders  would  be  gained,  for  they  would  be  assured  of  the  safety  and 
acknowledgment  of  their  deposits  at  the  Post  Office. 

As  regards  the  second  point,  the  publication  of  the  Treasury  promise 
of  remuneration  to  the  finder,  we  have  fortunately  to  hand  the  precedent 
set  by  the  Boyal  Irish  Academy,  which  has  for  many  years  been  in  the 
habit  of  posting  notices,  illustrated  and  otherwise,  throughout  Ireland. 

The  practice,  too,  of  the  Corporation  of  the  City  of  London,  to  whom 
the  franchise  of  treasure  trove  was  granted  by  the  first  charter  of 
Charles  I.,  may  be  instanced.  Mr.  Welch,  F.S.A.,  Curator  of  the  Guild- 
hall Museum,  kindly  informs  me  that  the  Corporation  inserts  in  all  its 
building  leases  a  clause  claiming  coins  and  other  objects  of  value  which 
may  be  discovered  on  the  site.  As  Curator  of  the  Museum,  Mr.  Welch 
unofficially  secures,  through  the  clerk  of  the  works,  the  co-operation  of 
the  workmen  in  all  important  improvements,  with  whom  he  agrees  for 
liberal  payment  for  all  objects  worth  securing  for  the  Museum. 

As  regards  the  County  Council  of  London,  who,  I  believe,  have  not 
had  the  right  to  treasure  trove  conferred  upon  them,  a  notice  is  posted 
upon  buildings  in  course  of  demolition,  and  upon  sites  which  are  being 
excavated  by  them.  By  this  notice  a  reward  is  promised  to  workmen 
who  discover  objects  of  geological  and  archseological  interest,  which,  being 
the  property  of  the  Council,  are  handed  over  to  the  foreman  or  clerk  of 
the  works. 

With  precedents  such  as  these  to  hand,  it  would  not  be  difficult  for 
the  Treasury  to  scatter  broadcast  its  notices  concerning  the  remuneration 
offisred  to  finders  of  treasure  trove.  That  the  Treasury  has  issued  such 
a  notice  comes  as  a  surprise  to  many,  for  the  general  feeling  I  find, 
even  among  the  educated  classes,  is  that  no  reward  is  given  to  finders. 
I  myself  on  applying  this  year  at  the  Treasury  for  a  copy  of  the  Circular 
issoed  by  the  Treasury  in  1886,  was  informed  that  'no  instructions  are 
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issued  by  this  department  as  to  the  remuneration  offered  to  finders  of 
treasure  trove.*  On  further  correspondence  taking  place,  I  was  told  that 
the  Treasury  had  not  'expressed  any  intention  of  departing  from  the 
general  principles  on  which  they  have  hitherto  acted  in  dealing  with 
treasure  trove/ 

By  the  Circular  of  1886  'the  antiquarian  value  of  such  of  the  coins 
or  objects  as  are  retained  or  sold/  less  a  deduction  of  20  per  cent,  of  the 
antiquarian  value  of  the  objects  retained,  or  of  10  per  cent  of  the  anti- 
quarian value  of  all  objects  discovered,  was  promised  to  the  finders. 

The  finder  alone  is  dealt  with  by  the  Circular,  there  being  no  mention 
in  it  of  the  finder's  employer  or  of  the  owner  of  the  soil  on  which  the 
treasure  has  been  discovered.  In  this  respect,  then,  the  finder  is  in  a 
better  position  than  he  would  in  all  probability  have  occupied  had  his 
rights  been  those  arising  merely  from  the  law  of  first  finding.  Finders  as 
a  rule  are  not  aware  of  the  true  value  of  what  they  discover.  Conse- 
quently it  is  to  their  interest  to  abstain  from  a  sale  to  a  passer-by  or  to  a 
casual  stranger,  who  usually  has  some  good  idea  of  the  transaction  in  which 
he  is  engaged.  If  it  were  known  that  a  finder's  interests  were  enhanced 
by  a  delivery  of  the  articles  into  proper  custody,  much  of  what  otherwise 
would  be  lost  or  cast  into  the  melting-pot  would  be  preserved  for  future 
generations. 

I  think  I  have  now  placed  my  views  sufficiently  before  the  Committee 
to  enable  mo  to  sum  up  what  I  suggest  is  suitable  for  discussion,  viz.  : — 

'  That  a  union  of  antiquarian  and  allied  Societies  is  desirable  for  the 
purpose  of  submitting  to  his  Majesty's  Commissioners  of  the  Treasury  one 
or  more  resolutions  which  relate  to  the  amendment  of  the  Law  of  Trea- 
sure Trove  and  of  the  administration  of  that  Law.' 

The  specific  amendments  with  which  the  resolutions  should  be  concerned 
are  the  taking  of  the  necessary  steps  for  bringing  to  the  knowledge  of  the 
public,  as,  for  instance,  through  the  medium  of  the  Post  Office — 

(1)  The  importance  of  tlie  preservation  of  treasure  trove; 

(2)  The  remuneration  which  is  offered  to  finders ;  and,  if  considered  expedient, 

(3)  The  desirability  for  the  remuneration  offered  to  finders  being  pot  upon  a 

statutory  basis ;  and 

(4)  An  extension  of  the  Jjaw  of  Treasure  Trove  so  as  to  cover  other  relics  of 

antiquity,  thereby  bringing  the  Law  into  harmony  with  what  is  believed 
to  be  the  Law  of  Scotland. 

Finally,  whatever  resolutions  were  arrived  at,  suitable  explanations  of 
the  reasons  that  led  up  to  the  resolutions  and  practical  suggestions  for 
carrying  out  the  objects  aimed  at  should  be  appended  when  they  were 
forwarded  to  their  destination. 

Mr.  T.  Sheppard  (Hull  Scientific  Club  and  Yorkshire  Naturalists' 
Union)  said  that  undoubtedly  the  law  as  it  stands  at  present  is  greatly 
misunderstood,  and  from  some  little  experience  he  had  found  that 
anything  that  was  discovered  was  looked  upon  as  Crown  property,  and 
both  the  owner  of  the  land  and  the  actual  finder  expected  nothing  what- 
ever in  return.  The  suggestion  that  had  been  made  with  regard  to  the 
Post  Office  regulations,  and  that  all  antiquities  should  be  looked  upon  as 
treasure  trove  or  Crown  property,  was  one  that  required  careful  considera- 
tion. Speaking  as  the  Curator  of  a  comparatively  small  museum  (Hull), 
he  could  say  that  the  number  and  quantity  by  weight  of  the  articles 
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brought  to  him  as  *  antiquities '  was  simply  appalling.  Personally  he  felt 
that  in  consequence  of  the  organisation  of  such  Societies  as  were  connected 
with  the  British  Association  and  the  local  museums,  which  were  now  fairly 
on  the  alert,  the  disposal  of  local  antiquities,  other  than  gold  and  silver, 
might  be  fairly  left  as  at  present.  The  man  who  finds  anything  is  gene- 
rally the  least  qualified  to  know  anything  about  its  value,  and  often 
thinks  a  thing  of  priceless  value  when  it  is  of  no  value  whatever,  and 
vice  versd.  In  Hull  they  had  tried  something  similar  to  the  rule  which  is 
in  practice  in  London  in  reference  to  the  finding  of  treasure  during  the 
demolition  of  property,  but  it  had  not  acted  satisfactorily.  The  fact 
that  the  Hull  Corporation  had  a  clause  put  in  the  agreement  that  any 
objects  found  upon  the  site  were  to  be  given  up  to  the  Corporation  simply 
gave  the  men  the  idea  that  they  were  not  entitled  to  anything;  and 
consequently,  as  soon  as  anything  was  picked  up  it  was  '  sneaked '  into  the 
pocket  and  probably  sold  to  anybody  who  happened  to  be  on  the  spot. 
The  result  was  that,  notwithstanding  the  official  statement  in  the  agree- 
ment, and  notwithstanding  the  fact  that  the  foremen  were  told  to  look 
out  for  specimens,  very  few  of  them  were  really  given  up.  He  would 
strongly  support  any  resolution  to  make  the  law  of  treasure  trove  better 
known  than  it  is  at  present.  He  did  not  see  the  advisability  of  includ- 
ing all  antiquities,  but  thought  something  might  be  done  to  let  the  local 
museums  have  a  share. 

Mr.  J.  Hopkinson  (Hertfordshire  Natural  History  Society)  said  that 
while  it  was  pretty  generally  known  that  the  finder  got  the  bullion  value 
of  the  article  found,  it  was  not  generally  appreciated  that  now,  according 
to  the  regulations  made  in  1886,  on  the  suggestion  of  Sir  John  Evans, 
the  finder  got  the  archseological  value,  which  may  be  considerably  more 
than  the  bullion  value.  He  quite  agreed  with  the  suggestion  made  that 
there  should  be  some  notice  to  that  effect  put  up  at  the  post  offices  all 
over  the  country  ;  but  the  deduction  of  20  per  cent,  of  the  value  would, 
of  course,  act  as  a  deterrent  from  sending  the  objects  found  to  the 
Treasury.  He  thought  the  law  at  present  bore  most  unjustly  on  local 
museums,  for  in  his  opinion  the  local  museums  should  always  have  the 
first  right  of  purchasing  the  objects  at  their  value.  He  thought  it  was 
very  hard  upon  a  locality  that  valuable  things  found  in  it  should  have 
to  go  to  the  British  Museum. 

Mr.  W.  Gray  (Belfast)  said  he  thought  something  should  be  done  to 
make  people  know  that  they  would  be  remunerated  for  anything  they 
found.  Keference  had  been  made  to  the  Circular  issued  by  the  Royal 
Irish  Academy,  and  it  would  be  very  interesting  for  Societies  like  theirs 
to  know  the  result  of  that  Circular.  He  knew  that  a  Circular  issued  by 
his  Society  to  the  National  Schools  had  been  an  absolutely  dead  letter. 

Mr.  W.  Taylor  (Elgin  Literary  and  Scientific  Society)  said  he  would 
like  to  suggest  that,  whenever  things  were  found  about  the  value  of  which 
there  was  any  doubt,  they  should  be  sent  to  the  proper  authorities  for 
investigation. 

The  Rev.  J.  O.  Bevan  (Woolhope  Naturalists'  Field  Club)  asked 
whether  it  would  not  be  desirable  to  enter  into  correspondence  with  the 
Society  of  Antiquaries  on  the  subject  before  any  formal  action  were 
taken,  as  possibly  it  possessed  some  information  of  which  the  Conference 
might  be  ignorant,  or  it  might  have  taken  action  in  relation  to  the 
matter.  Mr.  Bevan  said  that  as  it  was  possible  for  the  Crown  sometimes 
to  delegate  its  rights  for  the  possession  of  treasure  trove  to  some  othe£ 
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body,  as  it  had  done  in  the  case  of  the  City  of  London,  he  Would  like  to 
know  if  it  had  been  done  in  the  case  of  other  bodies,  such  as  the  Duchies 
of  Lancaster  and  Cornwall.     Would  there  be  any  special  provision  there  ? 

Dr.  Martin  explained  that  there  were  two  classes  of  delegation  of  the 
rights  of  treasure  trove.  The  Corporation  of  the  City  of  London  had  the 
right  to  treasure  trove  in  virtue  of  a  charter  of  Charles  I.'s  time  ;  and 
as  regards  the  second  class  of  case,  he  instanced  that  of  the  Royal 
Irish  Academy.  It  was  simply,  so  far  as  his  knowledge  extended,  the 
agent  of  the  Crown  for  its  collection  and  for  its  exhibition,  so  that  the 
Royal  Irish  Academy  was  directly  under  the  control  of  the  Crown  aa 
regards  treasure  trove.  The  City  of  London  was  not  an  agent  of  the 
Crown  :  it  was  the  principal  in  the  matter  of  treasure  trove.  There  were 
many  instances  throughout  the  country  where  a  franchise  had  been  handed 
over  or  assigned  to  the  Lords  of  the  Manor.  In  the  case  of  the  Duchy  of 
Lancaster  (sf>eaking  under  correction)  he  was  almost  certain  that  it  had 
this  right  to  treasure  trove  from  time  immemorial.  As  regards  the  Duchy 
of  Cornwall,  he  had  no  information.  There  were  many  instances  where 
the  right  to  treasure  trove  had  been  assigned  in  virtue  of  charters  which 
are  still  in  existence.  In  reply  to  a  question  by  Mr.  Stebbing  as  to  the 
law  in  regard  to  treasure  cast  up  by  the  sea,  Dr.  Martin  said  it  was 
certainly  not  treasure  trove,  but  probably  belonged  to  the  Crown  under 
the  technical  expression  Droits  of  the  Admiralty. 

The  "Rev.  R.  Ashington  Bullen  (Holmesdale  Society  and  S.E.  Union) 
remarked  that  the  famous  gold  cup  found  at  Rillaton  in  Cornwall  seemed 
to  have  come  into  the  possession  of  Queen  Victoria  at  a  time  (1837)  when 
there  was  no  Duke  of  Cornwall.  It  was  exhibited  at  the  Royal  Archieo- 
logical  Institute  in  1867  by  permission  of  the  Queen  and  the  Prince  of 
Wales.  The  gold  lunettes  found  at  Harlyu  in  Cornwall  in  1866  were 
claimed  by  the  Duke  of  Cornwall  in  his  own  right. 

Mr.  W.  Morris  CoUes  (Director  of  the  Authors'  Syndicate)  then  intro- 
duced the  following  subject  : — 

The  Law  of  Copyright  as  affecting  the  Proceedings  of  Scientific  Societies, 

From  the  proof  of  'Papers  relating  to  the  Question  of  Copyright' 
which  had  been  placed  in  his  hands  since  he  entered  the  room,  he  gathered 
that  the  points  which  called  for  discussion  were,  mainly,  the 'relations 
between  Scientific  Societies,  their  members,  and  the  public  with  reference 
to  papers  communicated  to,  and  printed  by,  or  delivered  before  the  Societies. 
These  naturally  resolve  themselves  into  two  classes — namely,  public  and 
private.  As  regards  papers  which  were  published  in  the  general  sense, 
by  being  placed  on  sale,  the  ordinary  rules  of  copyright  law  applied ;  but 
papers  which  were  only  privately  printed  were  indistinguishable  from 
papers  existing  only  in  manuscript,  as  they  were  not  published  at  all,  and 
the  copyright,  unless  assigned,  remained  in  the  authors  by  common  law. 

Some  of  the  Societies  had,  he  noticed,  bye-laws  declaring  the  copyright 
of  all  accepted  papers  to  be  vested  in  them,  but  it  was  questionable 
whether  these  bye-laws  were  in  themselves  sufficient  to  give  the  Societies 
a  good  title  to  the  copyright  in  such  papers  without  an  actual  assignment 
(which  could  be  prepared  by  their  legal  advisers)  in  such  a  form  as  to  hold 
good  either  against  the  members  themselves  or  against  infringers.  This 
was,  in  short,  a  case  like  so  many  arising  under  the  Copyright  Acts,  which 
could  only  be  met  by  special  contract.     Neither  Section  18  of  the  Copy- 
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right  Act  of  1842  nor  the  clauses  of  the  Copyright  Bill  of  1900,  affect- 
ing '  collective  works,'  could  be  held  to  apply.  It  had  been  suggested 
that  Scientific  Societies  should  endeavour  to  procure  some  special  legis- 
lation when  the  Bill  of  1900  was  proceeded  with  ;  but  Mr.  Colles  expressed 
it  as  his  opinion  that  it  would  be  found  impracticable  to  obtain  any  addi- 
tions to  the  Bill  of  1900  that  would  meet  the  case,  and  believed  it  would 
still  be  found  necessary  to  deal  with  this  question  as  a  matter  of  special 
contract  outside  the  Statutes.  The  temper  of  Parliament  towards  the 
Copyright  Question  was  such  that  it  was  always  peculiarly  difficult  to 
obtain  exceptional  rights,  nor  were  such  rights  capable  of  being  easily 
defined  or  made  generally  applicable. 

Mr.  Harold  Hardy  dealt  with  the  position  of  the  author  of  a  paper 
which  might  be  read  at  a  meeting  of  a  Scientific  Society.     This,  he 
said,  was  partly  affected  by  the  law  of  copyright  in  books  and  partly 
by  the  law  relating  to  copyright  in  lectures.   While  the  paper  was  unread 
or  unpublished  the  auUior  was  entitled  to  copyright  in  his  literary  com- 
pojdtion,  and  could  restrain  anyone  from  publishing  it :  he  was  in  the 
same  position  as  the  author  of  a  book  in  manuscript.     Again,  when  the 
paper  was  read  before  the  Society,  if  the  audience  consisted  merely  of 
members    of  the  Society,  or  a  limited  number  of  persons  invited  and 
admitted  by  ticket,  that  was  not  r^;arded  in  law  as  publication,  and  the 
author  would  still  be  entitled  to  copyright,  as  in  an  unpublished  manu- 
script.    If,  however,  a  paper  was  read  before  a  meeting  to  which  the 
public  generally  were  admitted,  the  author  could  only  protect  his  copy- 
right by  adopting  one  of  two  methods  recognised  by  the  law.     He  could, 
of  course,  print  and  publish  his  paper  before  oral  delivery  and  register  it 
as  a  book  at  Stationers'  Hall.     In  that  case  he  would  enjoy  the  same 
copyright  as  attaches  to  a  published  book.     Another  method  was  a  very 
curious  provision  of  the  law,  and  one  which  was  unreasonable  at  the  pre- 
sent day.     The  law  provided  that  if  the  author  gave  two  days'  notice  to 
two  magistrates  living  within  five  miles  of  the  place  where  the  paper  was 
to  be  read,  he  would  have  protection  for  his  copyright  in  the  work  for 
twenty-eight  years.     That  was  a  provision  which  was  generally  unknown 
and  consequently  ignored.     It  was  a  senseless  provision,    because    it 
imposed  no  duty  upon  the  magistrates  to  take  any  steps  with  regard  to 
the  notice.  They  might  lock  it  up  in  the  pigeon-holes  of  their  desks,  and, 
instead  of  being  a  warning  to  the  public  that  the  author's  rights  were 
preserved,  the  public  generally  knew   nothing  at  all  about    it.     This 
notice  to  the  magistrates,  therefore,  ought  to  be  abolished,  and  he  was 
glad  to  find  that  the  recommendation  of  the  EoyaJ  Commissioners  with 
regard  to  it  had  been  adopted  in  the  new   Copyright  Bill.     Another 
amendment  he  suggested  was  that  the  law  should  give  protection  for  the 
oral  delivery  of  lectures.    A  lecture  might  be  described  as  a  literary  com- 
position adapted  for  communication  to  the  public  either  by  printing  or  by 
oral  deliveiy.     Both  those  qualities  had  a  commercial  value  and  ought  to 
be  protected  ;  bat  at  the  present  time  there  was  no  protection  for  the  right 
of  publishing  a  lecture  by  oral  deliveiy  as  distinct  from  the  cop]^  right. 
The  law  relating  to  lectures  should  be  made  somewhat  analogous  to  the 
law  in  respect  of  dramatic  compositions.     The  author  of  a  play  had  copy- 
right and  the  right  of  representation  in  public.     The  right  of  representa- 
tion of  a  play  might  be  compared  to  the  publication  of  a  lecture  by  an 
oral  delivery,  or  the  '  lecturing  right,'  as  it  was  called  in  the  Copyright 
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Mr.  Longden,  representing  the  Institution  of  Mining  Engineers,  said 
that  so  far  as  the  *  Transactions '  of  the  Institution  of  Civil  Engineers  are 
concerned  they  are  safely  guarded.  The  Institution  has  rules  by  which 
if  anybody  communicates  a  paper  to  it  that  paper  becomes  its  property  ; 
but  it  appeared  to  the  speaker  that  the  reason  why  its  papers  are  so  safely 
guarded  is  because  it  takes  an  interest  in  the  matter  and  follows  it  up. 
If  anybody  chooses  to  pirate  the  information  which  has  been  communi- 
cated, the  culprit  hears  of  it  and  is  stopped.  The  Institution  of 
Mining  Engineers  found  it  difficult  to  prevent  people  from  pirating  the 
information  which  had  been  communicated.  He  thought  the  rules  were 
almost  identical  in  both  Societies,  and  it  seemed  to  him  it  was  largely  a 
matter  of  laxity.  But  so  far  as  the  British  Association  was  concerned, 
he  took  it  that  the  Association  would  rather  the  information  was  circu- 
lated than  kept  back. 

The  Rev.  W.  Lower  Carter  (Yorkshire)  wished  to  know  what  posi- 
tion the  British  Association  took  as  regarded  the  abstracts  which  it 
published.  There  had  been  a  discussion  as  to  whether  it  was  free  for  any- 
body to  reprint,  or  to  print  any  such  part  of  them  as  they  chose,  without 
any  reference  to  the  British  Association  or  to  the  author. 

Dr.  H.  R.  Mill  (Corresponding  Societies  Committee)  said  he  did  not 
think  a  scientific  man  wished  to  keep  the  result  of  his  investigations  to 
himself,  once  it  was  given  to  a  Society,  whether  one  of  the  learned 
Societies  publishing  transactions  in  the  ordinary  way  or  the  British 
Association  publishing  abstracts  only.  A  scientific  man  surely  desired 
that  his  paper  should  be  as  widely  known  and  as  much  quoted  as  pos- 
sible. That  was  Dr.  Mill's  position,  and  he  thought  that  any  question  of 
retaining  copyright  in  scientific  work  once  given  to  the  public  was  absurd. 
He  looked  upon  the  British  Association  as  an  Association  intended  for 
the  dissemination  of  science,  one  of  whose  objects  was  to  make  known  as 
widely  as  possible  the  information  collected. 

The  Rev.  T.  R.  R.  Stebbing  said  he  quite  agreed  with  Dr.  Mill  that 
scientific  men  were  glad  to  find  their  papers  sufficiently  popular  to  be  re- 
printed. 

Second  Meeting ,  October  81. 

Dr.  A.  Smith  Woodward,  F.R.S.,  in  the  Chair. 

The  Corresponding  Societies  Committee  were  represented  by  Mr.  W. 
Whitaker,  the  Rev.  J.  O.  Bevan,  Dr.  J.  0.  Garson,  Mr.  John  Hopkinson, 
Mr.  T.  V.  Holmes,  and  Mr.  Rudler. 

Professor  G.  S.  Boulger,  F.L.S.,  F.G.S.,  introduced  the  following 
subject : — 

The  Preservation  of  our  Native  Plants, 

Plants  are  in  danger  of  extermination  from  inevitable  natural  caused, 
such  as  the  encroachments  of  the  sea  and  the  increasing  density  of  popu- 
lation, with  its  concomitant  clearing,  draining,  and  building.  Among 
avoidable  causes  of  loss  the  more  important  are  the  thoughtless  excesses 
of  children,  tourists,  and  botanists,  and  the  work  of  trade-collectors. 
The  demands  of  artists  have  led  to  much  local  extermination  of  the  sea- 
holly,  and  the  fruitless  endeavours  of  amateurs  to  cultivate  oar  terrestrial 
orchids  seriously  endanger  some  species.  Nurserymen,  who  certainly  do 
not  cultivate  orchids,  offer  them  for  sale,  just  as  clergymen  and  others 
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in  the  Lake  District,  or  other  districts  still  rich  in  ferus,  advertise 
collections  of  these  plants.  It  is  mainly  plants,  such  as  primroses  and 
ferns,  which  can  be  obtained  in  large  quantities  that  appeal  to  the  trade- 
collectors  ;  but  these  men,  who  now  range  far  a6eld  from  Loudon  or 
other  large  towns,  are  often  merely  the  employes  of  large  wholesale  firms. 
Botanists,  who  ought  to  know  better,  are  often  recklessly  wholesale  in 
their  collecting,  rooting  up  numerous  specimens  of  non-variable  species, 
partly  for  the  purpose  of  exchange.  Even  the  gathering  of  the  blossom 
may  endanger  the  continuance  of  species  which  are  annual,  such  as 
Blackslonia  per/olictta,  by  preventing  the  formation  of  seed. 

Among  protective  measures  are  the  concealment  and  enclosure  of  the 
localities  of  rarities,  the  cultivation  of  wild  forms,  transplanting  them  from 
places  where  they  are  in  danger,  educational  or  moral  methods,  and  legisla- 
tion. Enclosure,  unless  a  keeper  be  employed,  may  only  direct  attention  to 
the  locality  of  some  rarity  :  it  must  be  costly,  and  can  be  only  of  very  limited 
application.  Much  may  be  done  by  the  cultivation  of  rarities  in  gardens 
near  by,  so  as  to  supply  tourists,  as  M.  Correvon  grows  edelweiss  and 
other  Alpines  at  Geneva.  Small  gardens  near  Ben  Lawers,  in  the  Lake 
District,  and  at  the  Lizard  would  be  very  valuable.  Ultimately  we  must 
depend  mainly  upon  the  development  of  a  general  sentiment  in  favour  of 
the  conservation  of  our  natural  beauties,  and  nothing  will  conduce  to 
this  end  more  than  educational  measures.  We  must  educate  our  teachers. 
A  leaflet  might  be  distributed  among  them  stating  the  case ;  and  per- 
haps a  '  reader '  might  be  prepared  intermingling  pleas  for  plant  protec- 
tion with  interesting  accounts  of  plants  and  plant-life.  The  clergy,  or 
other  managers  of  school- treats,  might  well  represent  to  the  children 
beforehand  such  simple  principles  as  that  one  cannot  both  eat  one's 
cake  and  have  it ;  that  some  flowers  should  be  left  to  form  seed  to  grow 
into  new  plants  ;  and  that  some  should  be  left  for  others'  enjoyment. 

As  the  results  of  education  must  be  tardy,  and  the  existing  law  is 
inadequate,  legislation  appears  necessary.  It  is  at  present  necessary 
to  prove  damage  :  it  is  difficult  to  secure  the  co-operation  of  landowners 
and  the  police  ;  and  the  powers  of  the  Home  Secretary  and  of  the  County 
Ooonoils  as  to  the  making  of  bye- laws  are  not  sufficiently  clear.  It  is 
proposed  to  introduce  a  Bill  on  the  lines  of  the  Wild  Birds'  Protection 
Acts,  applying  only  to  persons  over  fourteen  years  of  age  as  principals, 
and  exempting  occupiers  of  land  and  those  authorised  by  them,  but 
authorising  the  scheduling  of  species,  districts,  or  whole  counties. 

The  Bev.  R.  Ashington  BuUen,  on  discussion  being  invited,  said  there 
were  two  points  which  had  not  been  touched  upon  by  the  Professor.  One 
was  the  prevalence  of  incendiary  fires.  He  had  reason  to  believe  that 
the  whortleberry,  which  had  been  trying  to  grow  in  his  district  (near 
Woking),  had  been  entirely  destroyed  during  this  last  summer.  His 
daughter  had  found  some  good  specimens  of  this  little  plant,  almost 
a  stranger  in  that  particular  part  of  the  country,  which  in  the  course 
of  a  few  years  would  have  acclimatiBed  itself,  but  which  was  now  com- 
pletely destroyed.  The  other  point  which  the  Professor  had  left  out 
was  the  mischief  done  by  golf-links.  At.  Reigatc  a  beautiful  feature  of 
the  country  had  been  destroyed  in  the  filling  up  of  a  bog,  which  doubt- 
less had  also  resulted  in  the  destruction  of  the  Sundew . 

Mr.'  W.  Watts  (Manchester  Geological  Society)  said  the  district  from 
which  he  came  sufiered  immensely  from  the  depredations  alluded  to  by^^ 
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Professor  Boulger.  Daffodils,  which  a  few  years  ago  grew  abundantly  in 
a  wood  in  front  of  his  house,  were  now  almost  extinct  owing  to  the 
depredations  of  collectors,  who  came  every  spring  and  carried  them  away. 
Many  fir-trees  were  also  subject  to  destruction.  With  reference  to  the 
picking  of  blackberries,  he  had  done  what  he  could  to  induce  farmers  to 
prevent  the  people  from  gathering  them,  but  the  fanners  dare  not  inter- 
fere, as  if  they  did,  the  coping  on  their  walls,  <Ssc.,  would  be  pushed  down. 
It  was  also  pitiable  to  see  the  way  in  which  young  trees  were  dug  up. 
It  would  be  a  great  benefit  if  something  could  be  done  to  prevent  cyclists 
and  others  from  breaking  the  trees  and  taking  the  bloom  away  with  them. 

Mr.  P.  Ewing  (Glasgow)  said  he  would  speak  first  upon  the  clergy. 
Speaking  for  Scotland,  the  English  clergy  were  the  worst  enemies  they 
bad.  A  great  many  plants  had  become  extinct  owing  to  their  depreda- 
tions. As  to  the  market  gardener,  he  did  not  mind  him  so  much,  as  he 
generally  left  something  of  the  plants  behind.  He  had  known  districts 
supposed  to  be  cleared  by  these  men  in  which  the  plants  had  come  back 
again.  The  thing  he  objected  to  was  the  extermination  of  plants  that 
would  not  reproduce  themselves.  He  spoke  of  the  Alpine  flowers.  He 
thought  legislation  was  a  difficult  matter,  and,  so  far  as  he  could  gather, 
the  Bill  proposed  left  the  owner  free  to  allow  people  on  his  land  to  get 
anything  they  wanted. 

Mr.  Longden  (Stanton)  said  he  did.  not  think  there  would  be  any 
chance  of  getting  legislation  on  the  subject  next  year,  but  it  appeared  to 
him  there  were  means,  through  the  school  teachers,  of  preventing  the 
destruction  of  wild  flowers.  A  short  circular,  he  suggested,  should  be 
sent  out  in  the  first  instance  to  the  school  teachers  calling  their  attention 
to  the  subject,  and,  perhaps,  putting  them  in  communication  with  someone 
who  would  get  out  a  book  with  simple  English  names,  illustrated,  and 
with  interesting  stories,  if  possible,  with  reference  to  the  plants,  so  that 
the  children  should  be  interested.  He  thought  this  would  be  a  move  in 
the  right  direction.  He  also  thought  the  practice  of  herbaceous  garden- 
ing was  an  immense  improvement  on  carpet  gardening,  and  one  way  in 
which  wild  flowers  could  be  preserved. 

Mr.  H.  Coates  (Perth)  thought  that  the  local  Societies  were  very  much 
indebted  to  Pi*ofessor  Boulger  for  his  paper,  as  he  regarded  this  as  one  of 
the  most  important  subjects  they  could  possibly  discuss,  and  one  which 
they  were  eminently  qualified  to  deal  with,  because  they  knew  the  local 
conditions  in  the  different  districts  and  might  be  able  to  suggest  remedies. 
Mr.  Coates  said  he  was  very  much  in  favour  of  one  suggestion,  which 
he  hoped  his  Society  might  be  able  to  carry  out,  and  that  was  with  regard 
to  the  establishment  of  gardens  for  the  cultivation  of  plants  which  are 
in  danger  of  extermination.  Professor  Boulger  had  specially  referred  to 
Ben  lowers  in  that  connection,  and  Mr.  Coates  saw  no  reason  why  his 
Society  should  not  take  the  initiative  in  doing  something  in  that  way. 
The  Perthshire  Society  had  always  looked  upon  Ben  Lawers  as  specially 
its  own  preserve,  and  had  always  jealously  guarded  it,  and  he  could  safely 
say  that  the  botanists  of  his  Society  had  done  what  they  could.  Professor 
Boulger  had  also  referred  to  the  practice  in  England  of  collecting  large 
numbers  of  thejmore  showy  plants,  but  Mr.  Coates  thought  that  did  not 
obtain  very  much  in  Scotland — or,  at  any  rate,  in  Perthshire — probably 
because  there  was  not  the  same  ready  sale  for  them  there  as  in  London. 
What  they  suffered  most  from  was  the  local  professional  collector,  who 
collected  rare  plants  to  sell  to  touristy.     He  knew  one  locality  which  bod 
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been  completely  stripped  of  certain  rare  flowers,  and  other  plants  were  in 
danger  of  extermination  in  the  same  way.  He  thought  one  of  the  most 
valuable  suggestions  which  had  been  made  was  with  regard  to  teaching 
'  teachers.  In  the  locality  he  represented  a  special  efibrt  had  been  made 
to  get  teachers  interested  in  the  work  of  the  Society,  and  a  large  number, 
both  of  the  head  masters  and  some  of  the  more  intelligent  assistant 
teachers,  were  members  of  the  Society.  In  this  way  he  thought  local 
Societies  might  do  a  very  great  deal  in  trying  to  encourage  the  teachers 
to  take  up  this  subject  intelligently,  and  especially  to  point  out  the  great 
danger  of  the  extermination  of  rare  plants.  With  regard  to  the  sugges- 
tion of  gardens  for  cultivation,  the  only  difficulty  he  saw  was  that  of 
finding  a  suitable  situation  where  the  conditions  of  soil  would  be  pre- 
cisely similar  to  those  in  which  the  plants  grow. 

Mr.  W.  Gray  (Belfast)  considered  that  the  object  of  a  Society  like 
his  was  not  so  much  to  preserve  rare  plants  as  to  prevent  plants  from 
becoming  rare.  As  it  was,  the  flowers  and  ferns  which  used  to  decorate 
the  roads  and  hedges  were  being  entirely  obliterated.  He  thought  nothing 
would  prevent  these  depredations  but  law.  They  might  talk  about  moral 
suasion  and  the  influence  of  the  clergy  and  of  teachers,  but  they  would 
never  touch  the  main  point  unless  a  law  was  made  to  prevent  the  destruc- 
tion of  other  people's  property  without  their  permission,  and  then,  in 
doing  this,  care  must  be  taken  to  give  facilities  for  the  scientific  collector 
to  carry  out  his  function. 

Mr.  W.  Marsh  (Leeds)  said  he  thought  they  would  agree  that,  if 
legislation  could  be  obtained  to  protect  these  beautiful  flowers  and  ferns, 
it  was  a  very  desirable  thing  ;  but  in  the  meantime  the  damage  was  being 
done  and  legislation  was  slow,  and  he  would  immensely  like  to  see  the 
idea  of  issuing  a  circular  carried  out.  Nature-study  was  becoming  an 
important  part  of  education.  He  thought  they  had  4,000  children  in 
Leeds,  who  were  beginning  to  take  an  interest  in  wild  flowers,  and  as 
these  went  out  in  the  country  the  depredations  were  likely  to  be  serious. 

Mr.  J.  Hopkinson  (Watford)  gave  an  account  of  the  depredations  in 
the  neighbourhood  of  St.  Albans  of  dealers  in  ferns  some  thirty  years 
ago,  when  several  species  which  then  adorned  their  lanes  and  woods  were 
absolutely  extirpated.  He  thought  the  idea  of  a  circular  a  good  one  and 
that  it  should  be  carried  out  before  any  legal  Act  could  be  obtained, 
which  would  take  time. 

Mr.  Whitaker  (Croydon)  said  he  would  like  to  say  a  word  on  the 
other  side.  He  thought  collectors  had  been  somewhat  unfairly  treated. 
They  were  not  the  only  offenders.  The  offenders  are  the  people  who  buy 
the  things,  and  those  are  the  people  who  ought  to  be  got  at.  It  was  no 
use  getting  at  the  servants  :  they  must  get  at  the  masters.  Who  were 
they  f  In  the  first  place,  there  were  the  artists.  A  great  deal  was  also 
due  to  the  craze  people  had  for  filling  their  rooms  with  cut  flowers. 
Where  did  the  fault  lie?  He  would  quote  the  words  of  a  very  old 
authority,  '  The  woman  did  it.' 

The  Chairman  said  he  judged  that  the  general  wish  of  the  meeting  was 
that  the  subject  should  not  be  allowed  to  drop,  and  that  the  matter  should 
be  brought  before  the  different  Corresponding  Societies  for  them  to  do 
what  they  could  in  the  next  je^r  by  bringing  the  subject  before  the 
proper  authorities.  He  would  like  to  add  one  word  to  what  had  been 
said,  and  that  was  in  reference  to  the  action  of  a  certain  Moss  Litter 
Company.     He  did  not  know  many  places  where  they  were  working,  hm 
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they  had  completely  rained  one  of  the  most  prolific  floras  near  his  native 
town.  He  could  also  endorse  what  Mr.  Watts  had  said  with  regard  to  the 
farmers  not  daring  to  exert  their  power  for  fear  of  reprisals. 

Professor  Boulger,  in  reply  to  the  various  remarks,  said  that  owing  to 
the  question  of  time  he  had  purposely  said  little  or  nothing  on  what  had 
been  done  in  the  matter  in  America,  where  they  had  set  us  a  very  good 
example ;  but  he  ventured  to  make  the  suggestion  that  if  in  a  compara- 
tively new  and  thinly  populated  country,  such  as  the  United  States,  actual 
measures  of  legislation  besides  other  measures  were  necessary,  they  were 
obviously  far  more  necessary  in  a  densely  crowded  old  country  like  our 
own.  He  did  not  quite  understand  what  was  the  cause  of  the  incendiary 
fires  of  which  Mr.  BuUen  had  spoken,  although  he  could  quite  understand 
the  damage  that  would  be  done.  He  learned  that  Erymgium  campestre. 
had  been  exterminated  by  golf  at  New  Romney,  Kent,  and  from  the  other 
side  of  the  Atlantic,  at  Staaten  Island,  a  rare  species  of  Clematis  is  in 
immediate  danger  of  extermination  from  the  same  cause.  The  sundew 
at  Beigate  is  an  additional  example.  He  saw  that  the  meeting  generally 
was  fully  in  sympathy  with  the  suggestion  of  a  circular,  possibly  connected 
with  the  publication  of  a  *  reader.'  The  latter  would  be  a  very  simple 
matter,  and  he  fully  agreed  that  legislation  was  entirely  inadequate.  A 
public  sentiment  must  be  created.  The  only  question  was  whether  they 
were  to  wait  for  the  sentiment  to  grow  or  whether  they  were  to  assist  its 
growth  by  means  of  legislation  ?  His  idea  was  that  the  two  things  had 
better  go  on  pari  passu. 

With  regard  to  what  Mr.  Coates  had  said  on  a  special  situation  for 
the  cultivation  of  Alpine  flowers,  many  people  managed  to  grow  most 
Alpines  in  non-Alpine  situations,  and  he  believed  that  by  taking  proper 
precautions,  such  as  by  covering  up  the  plants  in  winter,  there  need  be 
no  difficulty.  He  thought  it  would  be  a  particularly  good  thing  if  the 
Perthshire  Society  made  some  arrangement  for  the  cultivation  of  Ben 
Lawers  plants,  and  if  somebody  in  the  West  of  England  could  be  got  to 
establish  a  garden  for  the  plants  of  the  Lizard.  As  to  local  culture  there 
was  another  way  in  which  it  could  be  dealt  with.-  He  noticed  when  he  was 
in  Cheddar  a  little  while  ago  that  the  cottagers  root  up  and  pick  Thalic- 
trum  montanuni,  which  might  be  a  little  difficult  of  cultivation,  but  that 
they  did  not  do  so  with  regard  to  the  Cheddar  pink.  The  pink  is  mostly 
cultivated  in  gardens.  At  present,  however,  the  localities  where  these 
plants  still  linger  are  very  difficult  of  access. 

The  danger  with  regard  to  nature-study  was  a  very  great  one,  and 
there  was  no  way  of  preventing  rare  flowers  from  being  picked  except  by 
not  taking  people  to  the  localities,  or  by  keeping  the  knowledge  to  oneself. 
It  was  for  this  reason  he  cordially  joined  some  years  ago  in  protesting 
against  the  foolish  action  of  the  Essex  County  Council  in  suggesting  an 
excursion  of  school  teachers  to  the  localities  for  rare  plants  in  the  New 
Forest.  As  to  what  Mr.  Whitaker  had  said  about  women,  it  was  not 
encouraging  to  think  that  what  had  been  done  to  protect  birds  had  not 
been  assisted  by  women.  They  still  wore  egrettes,  and  it  could  not  be 
due  to  ignorance,  having  regard  to  the  vast  amount  of  talking  and  the 
amount  of  literature  which  had  been  produced  on  the  subject.  He  was 
sorry  to  hear  what  the  Chairman  had  to  say  about  the  Moss  Litter  Com- 
pany, and  was  afraid  that  this,  like  the  drainage  of  agricultural  land, 
was  something  that  could  not  be  prevented.  He  could  quite  understand 
*hat  a  great  many  of  our  fen  plants  might  be  destroyed  in  this  way,  and 
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it  seemed  a  most  regrettable  thing,  as  our  marsh  plants  are  among  the 
most  interesting  natives,  and  bj  the  drainage  of  the  land  thej  are  be- 
coming every  year  more  rare.  With  regard  to  the  proposed  Act,  he  did 
not  suppose  it  would  do  its  work  unless  backed  by  public  interest.  He 
agreed  with  the  suggestion  that  a  circular  should  be  issued  as  soon  as 
possible,  and  steps  be  taken  to  have  also  a  *  reader.'  This,  however,  he 
did  not  think  sufficient ;  and  though  once  of  a  different  opinion,  he  now 
believed  legislation  to  be  absolutely  necessary. 

Reports  from  the  Sections, 

The  Secretary  explained  that  a  letter  had  been  sent  to  the  Recorder 
of  each  Section  asking  for  information  as  to  any  local  work  which  could 
be  usefully  undertaken  by  the  Corresponding  Societies  during  the  ensuing 
year.  The  response  to  this  letter  had  not  been  very  encouraging,  but 
such  letters  as  had  been  received  were  read. 

Mr.  J.  Lomas,  representing  Section  C  {Geology\  had  asked  the 
Delegates  to  assist  the  following  Committees,  viz. :  1.  Erratic  blocks  ; 
2.  Trias  Committee  ;  3.  Geographical  and  geological  names.  Although 
the  first  Committee  has  been  at  work  for  many  years,  there  are  still 
parts  of  England  from  which  no  reports  have  yet  been  received.  The 
Trias  Committee  seeks  to  record  all  the  fossils  which  have  been  found  in 
the  Triassic  rocks  of  Great  Britain,  to  trace  type  specimens,  and  to  collect 
exact  data  as  to  the  horizon  at  which  the  specimens  were  found.  Photo- 
graphs of  sections,  footprints,  or  other  fossils  would  be  gladly  acknow- 
ledged by  the  Secretary.  The  third  Committee  is  one  which  can  properly 
discharge  its  duties  only  by  the  co-operation  of  the  various  local  Societies 
affiliated  to  the  British  Association. 

Dr.  H.  W.  Marett  Tims,  Secretary  of  Section  D  (Zoology),  wrote 
explaining  that  he  had  not  been  able  to  communicate  with  the  Sectional 
Committee,  but  on  his  own  responsibility  suggested  the  following  sub- 
jects as  worthy  of  local  attention  :  1.  A  systematic  study  of  the  fresh- 
water Plankton  of  East  Anglia  ;  2.  A  study  of  the  Eotifera  of  East 
Anglia. 

Dr.  A.  J.  Herbertson,  Recorder  of  Section  E  {Geography),  called 
attention  to  the  Committee  on  local  names  for  geological  and  topo- 
graphical features,  and  suggested  that  the  Corresponding  Societies  might 
also  assist  by  sending  data  as  to  the  composition  and  value  of  rainfall 
and  discharge  of  rivers  and  lakes  for  a  new  Committee.  Any  results  of 
investigations  relating  to  local  climate  and  health  might  be  sent  to 
another  new  Committee,  of  which  Sir  Lauder  Brunton  is  Chairman,  deal- 
ing with  the  effect  of  climate  upon  health  and  disease. 

Mr.  J.  Barcroft,  Recorder  of  Section  I  {Physiology),  inquired  whether 
the  local  Societies  could  aid  the  last-named  Committee  in  considering  the 
effect  of  climate  on  disease.  One  of  the  first  objects  of  the  Committee 
must  be  to  get  in  touch  with  meteorologists  on  the  one  hand,  in  order 
to  secure  accurate  data  concerning  climate,  and  with  medical  societies  on 
the  other  hand,  in  order  to  get  statistics  about  disease. 

The  Rev.  J.  O.  Bevan  ventured  to  ask  the  support  of  the  Delegates 
for  the  consideration  of  questions  involved  in  relation  to  the  Committee 
on  the  quantity  and  composition  of  rainfall,  and  of  lake  and  river  dis- 
charge. It  referred  to  the  ratio  of  the  discharge  of  the  river  to  the 
rain&ll  in  particular  districts,  and  the  position  of  the  discharge  in  relation 
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to  the  sediment  which  it  might  bring  down.  This  important  Committee 
took  tho  whole  world  for  its  range. 

Mr.  John  Hopkinson  said  that  no  new  Committee  was  needed  for 
ascertaining  the  amount  of  rainfall  for  this  country,  as  that  was  already 
thoroughly  worked  up  by  Dr.  H.  R.  Mill,  who  had  an  army  of  about 
4,000  observers  whose  returns  were  published  annually  in  *  British  Bain- 
fall  ' ;  and  he  was  sure  it  would  be  greatly  to  the  advancement  of  science 
if  all  returns  were  sent  to  Dr.  Mill  rather  than  that  there  should  be  a 
separate  department  dealing  with  the  same  subject. 

The  Rev.  J.  O.  Sevan  explained  that  the  work  of  the  Committee  he  re- 
presented was  not  to  determine  the  amount  of  the  rainfall,  but  to  determine 
the  ratio  of  the  river-discharge  to  the  whole  of  the  rainfall  in  particular 
districts,  which  of  course  involved  questions  relating  to  the  position  of 
the  soil  and  the  amount  of  water  that  is  absorbed  by  the  soil.  It  had  to 
determine  these  particular  ratios,  and  not  to  determine  the  absolute  amount 
of  rainfall ;  and  another  thing  was  to  determine  the  character  of  the 
solution  in  the  discharge  at  the  mouth  of  the  river  in  relation  to  the 
different  strata  in  the  area  over  which  the  rainfall  would  go. 

Dr.  H.  R.  Mill,  a  member  of  the  new  Committee,  wrote  :  *  The  object 
of  the  new  Committee  is  not  to  divert  the  rainfall  records  of  this  country 
from  the  existing  publications,  where  they  are  most  conveniently  acces- 
sible, but  to  collect  all  published  notices  and  to  secure  new  observations 
of  the  compositicm  of  the  dissolved  matter  in  rain  and  river  water,  and 
also  to  deal  with  the  subject  of  river- discharge.  The  work  proposed  does 
not  overlap  with  that  of  any  previously  existing  Committee.' 

Mr.  W.  Whitaker  proposed  a  vote  of  thanks  to  the  Chairman,  which 
was  carried  by  acclamation,  and  the  proceedings  then  closed. 
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Catalogue  of  the  more  important  Papers j  and  especiaJiij  tlwse  referring 
to  Local  Scientific  Investigations^  published  by  the  Corresponding 
Societies  during  the  year  ending  May  31,  1905. 

*^*  This  Catalogue  contains  only  the  titles  of  papers  published  in  the  volnmes  or 
parts  of  the  publications  of  the  Corresponding  Societies  sent  to  the  Secretary  of 
the  Committee  in  accordance  with  Rule  2. 

Section  il.— Mathematical  and  Physical  Science. 

Allbk,  H.  Stanlet.    Experiments  in  Radio- ActiTity.    '  Proc.  Glaflgow  B.  Phfl. 

Soc/ XXXV.  82-96.    1904. 
Notes  on  Physical  Apparatus.    '  Proc.  Glasgow  R.  Phil.  See.'  XXXY,  176- 

180.    1904. 
A6HW0BTH,  James    (N.  Eng.  Inst.  EugJ.    Observations  on  Water-sprayed  or 

Damped  Air  in  Ck)al  Alines.    '  Trans.  Inst.  Min.  Eng.'  xxix.  11-21.    1906. 
Babr,  J.  MiLLEK.    Obserrations  on  Variable  Stars.    *  Proc.  R.  Astr.  See.  C^ada, 

1904/42-48.    1905. 
BiOKERTOir,  Prof.  A.  W.    The  Energy  of  Stellar  Collision.    *  Proc.  R.  Aatr.  Soe. 

Canada,  1904,' 67-61.     1906. 
Bladen,  W.  Wells.    Report  of  the  Meteorological  Section.     '  Trans.  N.  Staff. 

F.  C*  xxxviii.  160-167,  1904;  xxxix.  133-139.     1906. 
BoBGSTROM,  Dr.  L.  H.    The  Shelbume  Meteorite.    *  Proc.  R.  Astr.  Soc.  Canada, 

1904/69-94.    1906. 
Bbown,  M.  Walton.    Barometer,  Thermometer,  &c.,  Readings  for  the  Year  1902. 

*  Trans.  Inst.  Min.  Eng.'  xxv.  839-848.     1904. 

Campbell-Batabd,  F.    Presidential  Address.    [The  Weather  of  the  District.] 

*  Proc.  Croydon  N.  H.  Sci.  Soc.  1903-1904,'  iii.-x.    1904. 

Meteorological  Report  for  1903.     'Trans.  Croydon  N.  H.  Sci.  Soc.  1908- 

1904,'  46-62,  and  Appendices  of  Tables,  66  pp.      1904. 

Caeadoc   and    Setben  Valley   Field    Club.      Meteorological  Notes,  1904. 

*  Record  of  Bare  Facts,'  No.  14,  42-66.    [1906.] 

Chant,  C.  A.  Presidential  Address.  [Astronomical  and  Astrophysical  Ph)gres8 
during  1904.]    '  Proc.  R.  Astr.  Soc.  Canada,  1904.*  xiii.-xxn.     1906. 

Some  New  Detarmtnations  of  the  Reflecting  Powers  of  Qlass  and  Silvered 

Glass  Mirrors.    '  Proc.  R.  Astr.  Soc.  Canada,  1904,'  21-34.    1906. 

Cheshire,  F.  J.    Abbe's  Tedt  of  Aplanatism  and  a  Simple  Apertometer  derived 

therefrom.    *  Journal  Quekett  Club/  ix.  1-8.    1904. 
CoATES,  Henbt.    Seasonal  Notes  (Opening  Addresses).    *  Proc.  Perths.  Soc.  Nat. 

Sci.'  IV.  ii.-vii.,  xxii.-xxxiii.    1904. 
Coleman,  Prof.  A.  P.    Theories  of  World  Building.      *Proc.  R.  Astr.  Soc. 

Canada,  1904,' 63-66.    1905. 
CoLLiNQWOOD,  E.  J.    Meteorological  Record  for  1902  at  Lilbum  Tower,  North- 
umberland.   *  HistoiT  Berwicksh.  Nat.  Club,'  xvni.  302.    1904. 
Cbaw,  J.  T.    Note  of  Rainfall  and  Temperature  at  Milstone  Hill  and  West 

Foulden  for  the  Year,  1902.    '  History  Berwicksh.  Nat.  Club,'  xvin.  303-304. 

1904. 
Cbesbwbll,  Alfbed.     Records  of  Meteorological  Observations  taken  at  l^e 

Observatory  of  the  Birmingham  and  Midland  Institute,  Edgbaston,  1904. 

<  Birm.  and  Mid.  Inst.  Sci.  Soc.*  30  pp.    1906. 
Duxes,  Dr.  T.  Abchibalb.    The  Parallel  Roads  of  Glen  Roy.    '  Trans.  Croydon 

N.  H.  Sd.  Soc.  1903-1904,'  23-34.     1904. 
Eatoit,  H.  S.    Returns  of  Rainflall,  Ac,  in  Dorset  in  1903.    *Proc.  Doraetr 

N.  H.  A.  F.  C  xxv.  129-139.    1904. 
Fawsitt,  Dr.  C.  E.    The  Viscosity  of  Aqueous  Solutions.    *  Glasgow  R.  Phil.  Soc.' 

XXXV.  171-176.     1904. 
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FiLON,  Dr.  L.  N.  G.  Cometh :  their  Appearance,  Nature  and  Origin.  '  Trans. 
Crojdon  N.  H.  Sci.  Sjc.  190:3-liK)4;  1-iO.     1901. 

FoLL,  Adolphus,  F.  The  Hammer- Fennell  Tachy meter-Theodolite.  *  Trans.  Inst. 
Min.  Eng.' XXVII.  373-387.     1905. 

Geobgi,  Mauricb  (Mid.  Tnst.  Eng.).  Notes  and  Considerations  on  Systems  having 
Work  of  an  Intermittent  and  Irregular  Character  to  perform  :  Methods  of  Load 
Compensation.    *  Trans.  Inst.  Min.  Eng.'xxviii.  89-113.     1905. 

Gkat,  Prof.  Andrew.  ■  The  Development  of  Electrical  Science  during  the  Nine- 
teenth Century,  and  the  Electromagnetic  Theory  of  Light.  'Proc.  Glasgow 
R.  PhU.  Soc.'  XXXV.  1-64.     1904. 

HoEFERy  Hans.  Underground  Temperatures,  especially  in  Coal  Mines.  *  Trans. 
Inst,  Min.  Eng.'  xxvii.  351-367.     1906. 

'HopxnrsoN,  John.    Report  on  the  Rainfall  in  Hertfordshiipe  in  the  Year  1908. 

*  Trans.  Herts  N.  H.  Soc'  xii.  97-108.    1904. 

Meteorological    Observations  taken  in   Hertfordshire  in  the    Year  1903. 

'Trans.  Herts  N.HSoc.' XII.  117-124.     1904. 
HowBLL,  David  J.    Recent  Lunar  Photographs.    'Proc.  R.  Astr.  Soc.  Canada, 

1904,' 49-62.    1905. 
Httntbb,  A.  F.    Elliptical  Solar  Halo  observed  in  Simcoe  Co.,  Ontario;  May  31, 

1904.     *  Proc.  R.  Astr.  Soc.  Canada,  1904,'  62.     1906. 
LAKPLOueH,  F.  E.    The  Age  of  tlie  Earth.     *  Journal  Northants  N.  H.  Soc.'  xii. 

220-227.    1904. 
Latham,  Baldwin.   Croydon  Bourne  Flows.    *  Trans.  Croydon  N.  H.  Sci.  Soc. 

1903-1904.'    App.  1-44  and  diagrams..  &c.     1904. 
McMiCHAXL,  J.  A.    Particulars  of  a  Cyclone  in  the  Neighbourhood  of  Chester, 

July  21, 1904.     *  Report  Chester  Soc.  Nat  Sci.  1904-1905,*  18.     1906. 
Mabkhav,  0.  A.,  and  R.  T.  D.  Smith.    Meteorological  Report.— -Observers'  Notes. 

*  Journal  Northants  N.  H.  Soc.'  xii.  186-191,  233-238,  288-293,  310-316. 
1904-1905. 

Maundeb,  E.  Walter.    Magnetic  Disturbances,  1882-1903,  as  recorded  at  the 

Roval  Observatory,  Greenwich,  and  their  Association  with  Sun  Spots.    '  Proc. 

R.  Astr.  Soc.  Canada,  1904,'  95^100.     1906. 
MsTBiGK,  £.    Meteorological  Observations,  1904.    'Report  Marlb.  Coll.  N.  H. 

Soc.' No.  63, 112-14L    1906. 
MnoHBLt,  Rev.  J.  C.    Results  of  Meteorological  Observations  taken  in  Chester 

during  1904.    '  Report  Chester  Soc.  Nat.  Sci.  1904-1906,'  19-26.    1905. 
MoKGK,  W.  H.  S.    Further  Considerations  on  Aerolites.    *  Proc.  R.  Astr.  Soc. 

Canada,  1904,'  10-20.     1905. 
Mum,  Dr.  Thomas.    Further  Note  on  Factorizable    Continuants.    <  Trans.  S. 

African  Phil.  Soc.'  xv.  183-194.     1906. 
Mvasoir,  W.  Balfoub.    Astrophysical  Research.    '  Proc.  R.  Astr.  Soc.  Canada, 

1904,'3&-41.    1905. 
RHKUTBEBe,  JuLiTTs.    An  Overlooked  Point  concerning  the  Resolving  Power  of 

the  Microscope.    '  Journal  Quekett  Club,'  ix.  21-28.     1904. 
SooTT,  Dni7BAB  D.    Mine-surveying  Instruments,  Part  II.    'Trans.  Inst.  Min. 

Eng.' XXVIII.  624-684.     1904. 
Wattoh,  Rev.  W.  R.    On  some  Recent  Sun  Spots.    '  Proc.  Dorset  N.  H.  A.  F.  C 

XXV.  167-160.    1904. 
WxiTTOir,  Jambs.    Meteorological  Noteii  and  Remarks  upon  the  Weather  during 

the  Year  1902,  with  its  General  Effects  upon  Vegetation.    *  Tnins.  Glasgow 

N.  H.  Soc.'  VII.  27-46.     1904. 
WiT^LlAMs,  W.  E.    The  Stability  of  Flying  Machines.    '  Proc.  Gksgow  R.  Phil. 

Soc.'  XXXV.  181-188.     1904. 
WooDBOW,  JoHK.    Report  of  Meteorological  Observations  taken  at  the  Coats 

Observatory,  1904.    '  Paisley  Phil.  Inst.'  16  pp.     1906. 
ToBKBHiBB  Phuosophical  Socibtt.    Meteorological  Record  for  the  Year  1904. 

'Report  Yorks.  Phil.  Soc  for  1904,'  16-20.     1905. 
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Section  B. — Chbhistrt. 

Bjbilby,  G.  T.    Advances  in  Chemical  Industry  during  the  Nineteenth  Century. 

*  Proc.  Glasgow  R.  Phil.  Soc'  xxxv.  189-217.    1904. 
Bbown,  Hokacb  F.    a  New  Process  of  Chlorination  for  Mixed  Grold  and  Silver 

Ores/  <  Trans.  Inst.  Min.  Eng.'  xxvii.  629-634.     1905. 
Dawkins,  Prof.  W.  Boyd,  and  J.  Barnes.    The  Physical  and  Ohemical  Properties 

of  the  so-called  Goal  Deposit  exhibited  by  Mr.  Henry  Hall,  I.S.O.    *  Trans. 

Manch.  Geol.  Min.  Soc'  xxviii.  539-642.     1904. 
DyoBEOyiTZ,  Dr.  P.    Petroleum  and  it«  Use  for  Illumination,  Lubricating,  and 

Fuel  Purposes.    '  Trans.  Inst.  Min.  Eng.'  xxvii.  495-506.     1905. 
Farmer,  Gborgi  (Inst.  Min.  Eng.).    The  Problem  of  Gob  Fires.    ^  Trans.  Inst. 

Min.  Eng.'  xxvm.  434-450.    1905. 
Haryet,  Sidnet.    Presidential  Address.    [The  Wonders  of  Radium.]    ^  Trans. 

E.  Kent  S.  N.  H.  Soc.'  iv.  1-3.     1905. 
HEin>ER80N,  Prof.  G.  G.    Some  Developments  in  Chemical  Theory  during  the 

Nineteenth  Century.    '  Proc.  Glasgow  R.  Phil.  Soc'  xxxr.  97-119.     1904. 
Kershaw,  Jouk  B.  C.    Fuel  Economy  from  the  Chemical  Point  of  View. 

'  Trans.  Liverpool  Eng.  Soc'  xxv.  27-48.     1904. 
LisHMAF,  Dr.  G.  P.    The  Analytical  Valuation  of  Gas-coals.     '  Trans.  Inst.  Min 

Eng.' XXVII.  616-526.     1905. 
' (N.  Eng.  Inst.).    Notes  on  Safety  Lamp  Oils.    '  Trans.  Inst.  Min.  Eng. 

xxvin.  338-340.     1905. 
Resd,  Lester.    The  Microscope  and  Food  Adulteration.      'Trans.   Croydon 

N.  H.  Sci.  Soc.  1903-1904,'  41-44.    1904. 
SiMoiTjR.    Dendritic  Forms  in  Paper.    'Trans.  Manch.  Mic.  Soc.  1903,'  92-96. 

1904. 

Section  C, — Geology. 

Allamson-Winn,  R.  G.  The  Sea's  Encroachment  on  the  East  Coast.  'The 
Naturalist  for  1904,'  805-308.     1904. 

Baldwin,  Walter.  A  Carboniferous  Air-breather  from  Sparth  Bottoms,  Roch- 
dale.   '  Trans.  Manch.  Geol.  Min.  Soc'  xxvin.  523-527.    1904, 

(Manch.  Geol.  Min.  Soc).    Sparth  Bottoms  Quarry,  Rochdale.    'Trans. 

Inst.  Min.  Eng.' XXVIII.  301-302.    1905. 

Barke,  F.    Further  Notes  on  the  Occurrence  of  Glacial  Drift  in  the  Potteries. 

'  Trans.  N.  Staff.  F.  C  xxxviii.  113-117.     1904. 
Bell,  Robert.    Notes  on  the  Discovery  of  Dopplerite  in  Sluggan  Bog.    'Froc, 

Belfast  Nat.  F.  C  v.  216-217.     1905. 
Blabhill,  Thos.    Changes  in  Spurn  Point  and  their  Bearing  on  the  Site  of 

Ravenser.    *  The  Naturalist  for  1904,'  264-268.     1904. 
Bolton,  Herbert.    On  the  Occurrence  of  a  Shell-bearing  Gravel  at  Damball 

Island.    '  Proc.  Bristol  Nat.  Soc'  x.  241-344.     1904. 

The  Palseontology  of  the  Lancashire  Coal  Measures.    Parts  II.  and  IIL 

'  Trans.  Manch.  Geol.  Min.  Soc'  xxviii.  578-650,  668-689.    1904. 

Booth,  Wm.  H.    Artesian  AVells.    'Joum.  City  of  London  Coll.  Sci.  Soc' 

X.  43-49.    1905. 
Brodriok,  H.    British  Caves.    '  Proc.  Liverpool  Geol.  Soc'  ix.  354-358.    1904. 
Broom,  Dr.  R.    On  the  Affinities  of  Tritylodon.    '  Trans.  S.  African  Phil.  Soc* 

XVI.  73-77.    1905. 
Browne,  A.  J.  Jukes.    The  Geology  of  the  Country  round  Chard.    'Proc 

Somersetshire  A.  N.  H.  Soc'  ix.  12-22.     1904. 
Butterpield,  a.  E.    Notes  on  the  Growth  of  Spurn.    '  The  Naturalist  for  1904,' 

325-328.    1904. 
Caraboo  Ain>  Severn  Valley  Fielb  Club.    Geological  Notes,  1904.    '  Record 

of  Bare  Facts,' No.  14.    41pp.    [1906.] 
Colenutt,  G.  W.    Freshwater  Bay,  Isle  of  Wight.    'Proc  HanU.  F.  C  iv. 

82-92.    1906.  Digitized  bvGoOgle 
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Collins,  J.  H.    Anniversary  Address.     [The  Geology  of  the  District.]      Trans. 

Cornwall  R.  Geol.  Soc'  xiii.  9-20.    1905. 
CoLLTER,  H.  C.    Jade  or  Nephrite.    '  Trans.  Croydon  N.  H.  Sci.  Soc.  1903-lfK)4/ 

(M-40.     1904. 
COPJB,  T.  H.    Tyj)e8  of  Rock-flow  in  the  Ceiriog  Valley,  and  their  Analogies  with 

River  Structure.      [Presidential   Addres^     'Proc.    Liverpool  Geol.  Soc' 

IX.  303-331.    1904. 
Cbotdon  Natural   Histoky   and   Scibntipic   Society.     Geological  Report. 

'  Ppoc.  Croydon  N.  H.  Sci.  Soc.  1903-1904/  xxxiv.-xxvi.    1904. 
CuLPiN,  H,,  and  G.  Gbace.    Preliminary  Note  on  Upper  Coal  Measures  in 

Yorkshire.    *  Proc.  Yorks.  Geol.  Poly.  Soc'  xv.  330.    1905. 
An  Exposure  of  Upper  Coal  Measures  near  Conishorough.     'The 

Naturalist  for  1905/ 40.    1905. 
CuTTRiBB,  S.  W.    Bibliography.    The  Yorkshire  Caves.    <Proc.  Yorks.  Geol. 

Poly.  Soc' XV.  293-304.    1905. 
DAviB0N,Dr.C.   Yorkshire  Earthquakes.    '  The  Naturalist  for  1905,' 26-28.    1906. 
Dawkins,  Plof.  W.  BoTD  (Manch.  Geol.  Min.  Soc).    A  Section  of  the  Glacial 

Deposits  met  with  in  the  Construction  of  the  New  Docks  at  Salford.    *  Trans. 

Inst.  Min.  Eng.'  xxviii.  872-373.     1905. 
The  Permian  and  Carboniferous  Rocks  in  a  Section  in  High  Street,  Chorlton- 
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Meiearoloyical  Ohservatums  on  Ben  Nevis, — Beport  of  the  Commiliee^ 
condding  of  Lord  McLaren  (Chairman),  Professor  A.  Crum  Brown 
(Secreiari/),  Sir  John  Murray,  Dr.  Alexander  Buchan,  Professor 
CoPELAND,  a'tid  Mr.  K.  T,  Omond.     (Drawn  up  by  Dr.  Buchan.) 

The  Committee  was  appointed,  as  in  former  years,  for  the  purpose  o£ 
co-operating  with  the  Scottish  Meteorological  Society  in  making  meteoro- 
logical observations  at  the  two  Ben  Nevis  Observatories. 

At  the  High  Level  Observatory  Mr.  Kankin  and  his  assistants  con- 
tinued the  eye-observations  hourly,  by  day  and  night,  for  the  first  nine 
months  of  1904.  At  the  Low  Level  Observatory  in  Fort  William  the 
corresponding  values  were  obtained  from  the  self-recording  instruments 
there  for  the  same  period.  On  October  1,  1904,  both  Observatories  were 
closed,  and  the  observations  ceased. 

The  health  of  the  observers  continued  good. 

The  Directors  desire  to  very  cordially  thank  the  Rev.  J.  S.  Begg  and 
Messrs.  H.  R.  Baxter,  W.  R.  Bruce,  and  F.  R,  Lucas  for  their  services  as 
volunteer  observers  during  the  summer. 

The  principal  results  of  the  observations  made  at  the  two  Observatories 
from  January  to  September  1904  are  detailed  in  Table  I. 

Table  I. 


1904  Jan.  j  Feb.  'ifarch'  April  I  May  I  June    July  !  Aug.  ^  Sspt.  j   Oct.  j  Nov.  '  Dec.  <  Year 


Mean  Preuure  ia  Inches. 


Ben  NcTis  Ob-  j  2»'086[  24*8701  8ft-293l  25-124  25-3031 25-470  25-4631  2»'405|  25-464 1    —    •    — 

SFortWmiam   29«78h 
Differences  .  |  4'592| 


I 


j  29-453,  29*937  S9-699I  29-858'  29*980  29*941  29*900|  29*986| 
.4-683|   4-6441  4-575 i   4*560]   4*51  Ol  A'AU^  4-495|  4*522| 


JHean  Temperatures, 


l>iflerencee  .  (  157 


BenNerlsOb-l  89-0  i 

■erratory 

Fort  William  51-4 

OilKeiencee.  j  13-1  | 


BenXerieOb- 

■ervatory 
Fort  William 


41-2 


2§-l 


82*3 


87*8 
16-0 


84-0 


48-0 
14D 


27-7  I 

89*5  I    45*3  i   48*9 
18-4  ;   17-8  I    16-7 


55-0 
15-5 


43*1 


57*8 
14-5 


89-4 


55*2 
15-8 


38*4 


53-3 
14-9 


511 

13-8 ; 


58-0 
21-0 


731 
22-8 


74*4 
19*4 


75*5 
13-4 


73-0  I 
151 


Extremes  of  Temperatv/re :  Minima, 


BenKevlsOb- 

aerratory 
FortWUUam 
DiiEennoes  • 


15*5  I    10-5  I    10*1  '    19*8  I    18*0      27*6  i    321  '    30*5 


28*2 
12*7 


26*3 
16-8  : 


24-5      32-9 
14-4  I   18*3 


86-1  I    40-3  ' 
18*1   ,    12-7 


44*4 
12*3 


89*4 
8*9 


300  • 


38*1 

8-1  I 


Bainfall  in  Inches, 


BenNerisOb-;  21*71  [ 

■enratory  I 

Fort  WUliam  I    8*04 , 

Diffecenoet    .  |  18*67  { 


11*41 :    8-65  ;  26*57 


Ben  Nevis  Ob- 

ierratory 
tFort  William 
ipiifcrenccfl  . 


8*141 
5*27  i 


4*87    10*26 
3*78  f  16*31 


Numher  of^ays  1  in,  or  more  fell. 

2    1     14    I      . 


2 

12 


2     I 


Extremes  of  Temperature :  Maxima, 

37-3  '   37-0  I   50-3      550  i   621  '   579  i   50*8  '    — 


67-5  I     — 
16-7  !     — 


10-88  '     9*35  I    8-03  I  11*69  '  13*15  j    — 

6*51 '    4-97  I    5*30 1     7*12      8*68  |    — 
4-87,     4-38      2-73 1    457 1    4*52 1     — 
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1904 

1  Jan. 

JFeb. 

|l£areh|  April 

|May 

1  Jane 

July  1  Ang.  1  Sept. 
t».  or  morefelL 

Oct. 

Not. 

Deo. 

Year 

Number  of  Days  OOI 

BenNeviBOb. 

lervatory 
Port  Wlllkm 
Differenoea  . 

26 

27 
-2 

24 

20 

4 

21 

17 

4 

28 

26 
2 

21 

23 

-2 

16 

14 
2 

20 

21 

-1 

28    .     19         — 

2«     ,    19         — 
2,0         — 

- 

- 

- 

Mean  Bainhand  {Scale  0-8). 

Ben  Nevis  Ob- 

B^rvatory 
Fort  William 
DiflerenoeB  . 

1-8 

8-6 

1-8 

2-2 

4-0 
1-8 

2-2 

3-8 
1-6 

3-9 

4-4 

0-5 

38 
4-4 

0-e 

3-0 

4-9 
1-9 

2-8 

4-9 
2-1 

8-4        2-4 

4-7        4-2 
1-3        1-8 

- 

- 

- 

_ 

BenNerisOb- 

9-2 

22-6 

■enratory 

Port  William 

6-4 

81-2 

Differences    . 

+r8 

8-6 

BenNeTisOb-l 
Bervatoxy      | 


18 


Number  of  Hours  of  Bright  Sunshine. 
69-6    I  18-ft    '  80-2    |187-S     140-4   i  87*4    lOl'ft 

103-8    I  77-8    ;  141-4    |224-8     164-0    .126-6     132-8 
34-2    I  69-3    I  61-2    I  37-6      28-6    '  88*!      Sl-3 


Mean  Hourly  Velocity  of  Wind  in  Miles. 

19     I    16    I     17    ;     14    I     10    I     11    :       8     I     11     I 


Percentage  of  Cloud. 

88 


BenNerlsOb- 

93 

93 

77 

96 

87 

68 

76 

serratory 
Fort  William 
Differeaces  . 

86 

8 

84 
9 

68 
9 

82 
13 

78 
9 

63 
6 

76 
0 

81     I    - 


10        — 


The  above  table  shows  for  the  .first  nine  months  of  1904  the  mean 
moifthly  pressure  ;  the  mean  and  extreme  temperatures  ;  the  amounts  of 
rainfall  ;  the  number  of  days  with  rain,  and  of  days  with  falls  of  1  inch 
or  over  ;  the  mean  rainband  ;  the  hours  of  sunshine  ;  the  mean  velocity  in 
miles  per  hour  of  the  wind  at  the  top  of  the  mountain,  and  the  mean 
cloud  amount.  The  mean  barometric  pressures  at  Fort  William  are 
reduced  to  32°  and  sea-level,  but  those  at  Ben  Nevis  Observatory  to 
32**  only. 

The  difference  of  the  mean  atmospheric  pressures  at  the  two  Observa- 
tories ranged  from  4-644  inches  in  March  to  4*478  inches  in  July.  At 
the  top  the  absolutely  highest  pressure  during  the  period  was  25*925  inches 
at  10  P.M.  on  January  21,  and  at  Fort  William  30*658  inches  at  midnight 
on  the  same  day.  The  lowest  pressures  occurred  at  1  p.m.  on  February  13, 
being  respectively  24*017  inches  and  28*419  inches.  Thus  the  difference 
of  the  extremes  at  top  and  bottom  were  1*908  inch  and  2*239  inches 
respectively.  The  low  mean  pressures  for  February  are  noteworthy,  that 
at  Fort  William  being  as  much  as  four-tenths  of  an  inch  below  the  mean 
for  thirteen  years,  and  that  at  the  top  almost  the  lowest  February  mean 
in  twenty-one  years,  February  1885,  with  a  mean  of  24*858  inches,  alone 
being  lower. 

The  deviations  of  the  mean  temperatures  of  the  months  from  the 
averages  of  the  thirteen-year  period  1891-1903,  are  shown  in  Table  II,  : — 


Table  II. 

Fort 

Top  of 
BenSeris. 

Port 

Top  of 
BenNeTic. 

William. 

Wmtam. 

January  . 

o 
.   +2  6 

+  2-1 

June 

o 
.  -0-4 

-0-6 

February . 

.   -10 

-2-3 

July.        . 

.    +0*6 

+  1*4 

March 

.   -0-9 

-1-2 

August 

.  -1-3 

-1*4 

April 

.   +0-2 

-0-6 

September 

.        ,   +01 

+  0-4 

May. 

.   -0*8 

--10       J 

Digitized  by  CjOOQ IC 

METEOBOLOGICAL   OBSEHVATIONS   ON   BEN   NEVIS. 


79 


January  was  a  somewhat  mild  month,  with  the  highest  mean  tem- 
perature since  1898,  and  both  February  and  March  were,  at  both 
Observatories,  colder  than  January.  On  the  whole,  however,  the  deviations 
of  temperature  from  the  normal  were  in  no  way  remarkable.  The 
absolutely  highest  temperature  during  the  period  at  Fort  William  was 
75°-5  on  July  11  and  12,  and  on  Ben  Nevis  62*^-1  on  the  former  day,  the 
lowest  at  Fort  William  being  24° '5  on  March  15,  and  on  Ben  Nevis 
10*^-1  on  March  1. 

In  Table  III.  are  given  for  each  month  the  lowest  observed  hygro- 
metric  readings  at  the  top  of  Ben  Nevis  (reduced  by  means  of  Glaisher's 
tables)  :— 

Table  III. 


1904 


Dry  Bulb 
Wet  Bulb       . 
Dew-point 
Elastic  Force . 
Rdaiive  Hnmidity 

[Sat.  s=  100] 
Day  of  Month 
Hour  of  Dfty . 


Jan. 

Feb. 

Mar. 

Aprt. 
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June 

July 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

o 

o 

e 

o 

o 

o 

o 

20-6 

22-2 

26-8 

30-3 

31-0 

49*5 

66-8 

511 

44-6 



17-4 

18-0 

20-7 

25-8 

240 

880 

40-3 

44-2 

3M 





__ 

-4-3 

-»-3 

-8-0 

10-3 

6-1 

26-7 

28-3 

37-0 

14-9 



_ 

__ 

•035 

•027 

•029 

•069 

•064 

•139 

•143 

•220 

•086 

__ 

__ 

_ 

33 

23 

30 

41 

31 

39 

32 

59 

29 

— 

— 

— 

31 

17 

24 

19 

20 

7 

10 

80 

23 

__ 

_ 

__ 

24 

14 

83 

' 

7 

9 

14 

2 

32 

— 

" 

— 

Of  these  relative  humidities  the  lowest,  20  per  cent.,  occurred  on 
March  24  at  11  p.m.  The  air  on  the  summit  had  been  very  dry  for 
several  hours,  but  at  midnight  on  the  same  day,  or  only  one  hour  after 
the  minimum  humidity  for  the  period  had  been  recorded,  complete 
saturation  set  in,  an  excellent  example  of  the  rapid  changes  of  humidity 
so  frequently  observed  on  Ben  Nevis.  This  sudden  variation  was  not 
due  to  any  change  of  wind  direction,  but  to  fog  rising  from  the  valleys 
and  enveloping  the  mountain  top.  The  longest  spells  of  complete  satura- 
tion were  &om  January  8  to  22,  and  from  9  a.m.  on  March  31  to  8  p.m.  on 
April  U. 

The  rainfall  for  the  nine  months  at  the  top  was  121*44  inches,  or 
10*51  inches  above  tbe  mean  of  nineteen  years  ;  whilst  the  aggregate  at 
Fort  William  was  61*84  inches,  or  9  02  inches  above  the  average  for  the 
same  period.  At  both  stations  the  amounts  for  April  were  much  the 
largest  recorded  during  twenty  years,  the  rainfall  at  the  top  being  more 
than  thrice  the  normal.  In  that  month  there  were  on  Ben  Nevis  twenty- 
eight  rainy  days,  of  which  three  had  falls  exceeding  2  inches,  and  no  fewer 
than  fourteen  falls  of  more  than  an  inch,  the  aggregate  for  the  first  ten 
days  of  the  month  being  as  much  as  17*10  inches.  At  the  summit  station 
the  greatest  fall  recorded  in  a  single  day  was  2*69  inches  on  January  14, 
the  corresponding  fall  at  the  base  being  0*65  inch,  whilst  the  maximum 
daily  amount  at  Fort  William  was  2*07  inches  on  September  5,  the  fall  on 
Ben  Nevis  on  that  day  being  2*08  inches,  or  practically  the  same. 

At  the  top  of  Ben  Nevis  the  number  of  rainy  days  during  the  period 
was  202,  or  ten  above  the  average,  and  at  Fort  William  193,  or  seventeen 
above  the  average.  The  number  of  rainy  days  in  April  and  August  was 
unusually  large,  and  it  may  be  noted  that  in  January,  May,  and  July  there 
were  more  rainy  days  at  the  base  of  the  mountain  than  on  the  top.  The 
number  of  days  with  falls  of  1  inch  or  over  was,  on  Ben  Nevis  forty-four, 
or  nine  abovp  (ihjB  average,  and  at  Fort  WiUiam  twelve,  or  twp  above  the 
average. 
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The  sunshine  recorder  on  Ben  Nevis  for  the  nine  months  registered 
666  hours,  or  eighteen  hours  above  the  average  of  twenty  years,  whilst  at 
Fort  William  the  aggregate  was  1,008  hours,  or  four  hours  more  than  the 
average  of  thirteen  years.  At  both  stations  sunshine  was  very  deficient 
in  April  and  May,  the  former  month  having  the  smallest  total  on  record. 
On  the  other  hand,  June,  July,  and  September  had  amounts  much  above 
the  average. 

The  estimated  cloud  amounts  compare  in  a  satisfactory  manner  with 
the  records  of  sunshine,  the  value  being,  for  example,  very  high  in  April 
and  low  in  June. 

Auroras  were  observed  on  January  23,  February  8,  May  6. 

St.  Elmo's  Fire :— January  7,  H,  27;  March  22;  May  3,  17 ; 
June  20. 

Zodiacal  light :— March  9,  10. 

Thunder  and  Lightning  : — February  12  ;  May  1 ;  July  31. 

Thunder  only  :---July  13  ;  August  14. 

Lightning  only  : — January  10,  23,  28. 

Solar  Halos  -.—February  1,  9  ;  March  10  ;  April  18  ;  May  20  ;  June  2, 
12;  September  2. 

Lunar  Halos  : — February  28  ;  March  1  ;  August  25. 

Meteorological  observations  on  Ben  Nevis  having  now  ceased,  the 
obje(it  for  which  this  Committee  was  appointed  no  longer  exists.  The 
Directors  of  the  Observatories,  however,  have  still  a  large  and  costly 
work  before  them.  The  double  record  of  the  High  and  Low  Level 
Observations,  the  unique  character  of  which  has  been  pointed  out  in 
previous  Reports  of  the  Committee,  has  still  to  be  discussed  in  its  rela- 
tions to  weather,  and  especially  to  those  movements  of  the  areas  of  high 
and  low  barometric  pressure  on  which  changes  of  weather  mainly  depend. 
The  scientific  and  climatological  discussion,  so  far  as  already  carried  out 
in  respect  to  areas  of  high  and  low  pressure,  clearly  indicates  the  import- 
ance of  this  double  record  in  supplying  data  for  the  investigation  of  the 
causes  of  weather  changes. 

The  closure  of  the  Observatories  prevents  their  observations  being 
made  use  of  directly  for  weather  forecasting,  but  the  Committee  con- 
fidently expects  that  the  results  of  the  discussion  mentioned  above  will 
supply  forecasters  with  new  information  in  respect  to  changes  of  weather, 
and  thus  materially  aid  this  important  branch  of  practical  meteorology. 


Mafjuetie  Observatmis  at  Falmouth  Observaiory, — Beport  of  the  Com- 
miitee,  consisting  of  Sir  W.  H.  Preece  (Chaiinnan\  Dr.  R.  T. 
Glazebrook  (Secretary)^  Professor  W.  G.  Adams,  Captain  Creak, 
Mr.  W.  L.  Fox,  Principal  Sir  Arthur  RCcker,  and  Professor 
A.  Schuster,  appointed  to  co-operate  with  the  Committee  of  the 
Falm^idh  Observatory  in  their  Magnetic  Observations, 

The  grant  voted  by  the  Association  last  year  has  been  expended  in 
carrying  on  the  magnetic  observations  at  Falmouth  Observatory. 

The  results  of  the  observations  during  1904  have  been  published  in 
the  Annual  Report  of  the  National  Physical  Laboratory,  and  are  very 
satisfactory.  The  vertical  force  curves  have  been  measured  for  the  first 
time,  and  the  results  for  1903  and  1904  are  given  in  the  Report, 
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In  connection  with  this  work  Mr.  Kitto  spent  aome  time  at  Kew 
during  the  early  part  of  the  year. 

Dr.  Chrce  has  published  *  An  Analysis  of  the  Results  of  the  Falmouth 
Magnetographs  on  Quiet  Days  during  the  twelve  years  1891  to  1902  '  in 
the  *  Transactions '  of  the  Royal  Society  for  1904  ;  this  contains  a  number 
of  interesting  results,  which  confirm  in  a  remarkable  manner  the  con- 
sequences deduced  from  his  earlier  pajper  dealing  with  the  Kew  curves. 

The  Committee  regret  to  learn  that  the  difficulty  of  the  situation  has 
caused  great  delay  in  the  building  of  the  new  Observatory  at  Eskdale 
Mttir,  which,  they  are  informed,  cannot  be  ready  until  the  end  of  1906. 
In  view  of  the  importance  of  maintaining  continuity  of  the  magnetic 
records,  they  ask  for  reappointment,  with  a  grant  of  50/. 


Investigation  of  the  Upper  Atmosphere  by  Means  of  Kites  in  co-opera- 
tion with  a  Comniittee  of  the  Royal  Meteorological  Society. — Fourth 
Beport  of  the  Committee^  consiMing  of  Dr.  W.  N.  Shaw  (Chairman)^ 
Mr.  V/.  H.  Dines  (Secretary),  Mr.  D.  Archibald,  Mr.  C.  Vernon 
Boys,  Dr.  A.  Buchan,  Dr.  R.  T.  Glazebrook,  Dr.  H.  R.  Mill, 
Professor  A.  Schuster,  and  Dr.  W.  Watson. 

This  Committee  acts  jointly  with  a  Committee  of  the  Royal  Meteoro- 
logical Society. 

Since  the  last  report  a  brief  account  of  the  observations  obtained 
from  H.M.S.  *  Seahorse '  has  been  published  in  the  *  Quarterly  Journal  of 
the  Royal  Meteorological  Society,'  but  the  results  have  not  yet  been  fully 
worked  up. 

Apparatus  for  testing  and  calibrating  the  meteorographs  has  been 
made  by  Mr.  J.  J.  Hicks,  and  consists  of  an  ordinary  air-pump  with  a 
large  receiver.  Inside  the  receiver  there  is  a  coil  of  metal  tube,  through 
which  warm  water  or  a  freezing-mixture  can  be  circulated  ;  there  is  also 
a  small  electric  fan  to  ensure  uniformity  of  temperature  throughout  the 
enclosed  space.  The  meteorograph  is  placed  inside,  and  the  pressure  and 
temperature  altered  in  any  desired  way.  A  record  is  kept,  and  is  compared 
with  the  trace  obtained  from  the  meteorograph  when  it  is  taken  out  of 
the  receiver.  Inasmuch  as  the  thermal  capacity  of  the  hea\'y  glasd 
receiver  and  metal  plate  is  very  considerable,  the  process  of  warming  or 
cooling  the  interior  is  a  slow  one.  A  few  tests  have  been  made  for 
ascertaining  the  extent  to  which  the  temperature  correction  of  the 
barograph  is  dependent  on  the  pressure,  but  generally  a  quicker  plan  is 
employed  for  testing  the  thermograph.  The  instrument  is  placed  in  a 
thin  metal  case  with  a  water-jacket.  The  lid  is  also  jacketed,  and  by 
circulating  a  liquid  through  the  jacket,  and  enclosing  the  whole  arrange- 
ment in  felt  or  other  non-conducting  material,  there  is  no  difficulty 
about  rapidly  bringing  the  meteorograph  to  any  desired  temperature. 

The  pen  of  the  hygrograph  moves  in  accordance  with  the  change  of 
length  of  4  feet  of  human  hair.  The  approximate  scale  is  a  change  of 
length  of  *45  inch  from  absolute  dryness  to  complete  saturation,  but  a 
more  exact  det.ermination  is  now  being  made  by  hanging  a  small  weiglit 
at  the  end  of  4  feet  of  hair  in  the  open,  and  taking  simultaneous  readings 
of  its  length  and  of  a  wet  and  dry  bulb  thermometer. 
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Continuance  of  Observations, 

The  apparatus  used  on  board  the  *  Seahorse '  was  fitted  up  at  Oxshott 
at  the  end  of  September  1904,  and  since  that  date  forty-five  ascents, 
giving  good  records,  with  an  average  height  of  about  4,400  feet,  have 
been  mfide.  These  include  most  of  the  days  appointed  by  the  President 
of  the  International  Aeronautical  Commission.  The  observations  for 
those  days  are  regularly  reported  to  Professor  Hergesell,  and  will  appear 
in  the  publications  of  the  International  Committee. 

Kite  Ascents  at  Oxshott, 
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*  Indicates  a  temperature  inversion. 

Observations  on  ilie  *  ITelga.' 

The  observations  which  it  was  hoped  would  be  made  on  the 
s.s.  *  Helga '  have  fallen  through,  owing  to  the  increased  duties  devolving 
upon  the  officers  and  men  of  that  vessel. 


Sd.   has  been  expended 
a  testing  apparatus,  and 


Funds, 

Since  the  last  report  a    sum  of  Sdl.    IQs. 
on  the  investigation.     This  includes  221.  for 

121,  for  a  corrugated,  iron  shed  (20  x  10  x  10  feet)  in  which  to  store  the 
kites  without  taking  them  to  pieces,  both  of  which  will  be  of  permanent 
use.  The  remaining  fifty  odd  pounds  have  been  spent  on  new  kites  and 
meteorographs  and  on  making  good  the  ordinary  wear  and  tear  of  the 
outfit.  ^ 
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Apparatus, 

Comparatively  little  trouble  has  been  experienced  during  the  winter 
with  any  part  of  the  apparatus.  The  steam  engine  that  was  bought  last 
year  did  not  prove  satisfactory  while  in  use  on  the  '  Seahorse/  but  has 
been  altered.  The  wire  that  was  wound  on  the  reel  at  Crinan  is  still  in 
use  without  a  join,  although,  of  course,  pieces  have  occasionally  been  lost 
from  the  end.  The  chief  requirement  is  a  satisfactory  kite,  which  will 
combine  the  three  characteristics  of  flying  at  a  good  angle,  of  being  stable 
and  not  liable  to  damage  in  any  wind,  and  of  never  exerting  an  excessive 
pull.  Perhaps  such  a  kite  can  never  be  obtained,  but  there  are  such  an 
infinite  number  of  ways  in  which  the  various  types  of  kite  now  in  use 
may  be  altered — and  the  most  trifling  alterations  of  detail  are  sometimes 
capable  of  producing  very  great  effects — that  extensive  experimental  work 
can  hardly  fail  to  develop  a  kite  better  than  any  at  present  available. 

Observations  are  being  continued  at  Oxshott,  but  it  is  not  proposed 
to  make  any  attempt  to  obtain  a  vessel  for  work  elsewhere  this  summer. 
The  Committee  ask  for  reappointment  without  a  grant. 


Seismological  Invesiigatums. — Tenth  Report  of  the  CommiMee^  coTtsist- 
ing  of  Professor  J.  W.  Jddd  (Chairman),  Mr.  J.  Milne  (Searetary)^ 
Lord  Kelvin,  Professor  T.  G.  Bonney,  Mr.  C.  V.  Boys,  Professor 
G.  H.  Darwin,  Mr.  Horace  Darwin,  Major  L.  Darwin,  Professor 
J.  A.  EwiNGj  Dr.  R.  T.  Glazebrook,  Mr.  M.  H.  Gray,  Professor 
C.  G.  Knott,  Professor  R.  Meldola,  Mr.  R.  D.  Oldham,  Professor 
J.  Pebry,  Mr.  W.  E.  Plummer,  Professor  J.  H.  Poynting,  Mr. 
Clement  Reid,  Mr.  Nelson  Richardson,  arid  Professor  H.  H. 
Turner.     (Drawn  up  by  the  Secretary,) 
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I.  General  Kates  on  Stations  and  Registers, 

The  registers  issued  during  the  past  year  are  Circulars  Nos.  10  and  11. 
They  refer  to  Shide,  Kew,  Bidston,  Edinburgh,  Paisley,  Toronto, 
Vietoria  (B.C.),  San  Fernando  (Spain),  Ponta  Delgada  (Azores),  Cape  of 
Grood  Hope,  Alipore,  Bombay,  Kodaik&nal,  Batavia,  Perth,  Trinidad, 
Christchurch,  Cairo,  Cordova  (Argentina),  Irkutsk,  Baltimore  and  Beirut. 
Records  obtained  by  means  of  horizontal  pendulums  (Milne  type) 
at  Irkutsk,  Tiflis  and  Tashkent  are  published  in  the  ^Bulletin  de  la 
CammiHiion  Centrale  Sismique  Permanente'  of  St.  Petersburg,  whilst 
references  to  similar  records  made  in  Strassburg  are  to  be  found  in  the 
*  Monatsbericht    der   Kaiserlichen  Haupstation  fiir  Erdbebenforschung 
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zu  Strassburg,  i/E.'  These  latter  records  only  indicate  whether  the 
instrument  had  responded  to  certain  disturbances,  and  do  not  furnisli 
information  as  to  times  and  amplitudes. 

It  is  anticipated  that  continuations  of  registers  from  Mauritius, 
Tokyo,  and  Wellington  will  shortly  be  received. 

Prom  the  United  States  Coast  and  Geodetic  Surveyyour  Secretary 
learns  that  copies  of  registers  are  to  be  forwarded  from  Honolulu,  while 
Professor  H.  P.  Reid  writes  to  the  effect  that  Professor  S.  J. 
Cunningham  will  recommence  observations  at  Strathmore  College, 
Philadelphia. 

Pour  other  observatories,  the  records  from  which  would  be  of  great 
value,  particularly  as  an  assistance  in  localising  seismic  foci,  are  Mexico, 
Ar^uipa,  Melbourne,  and  Sydney.  The  registers  from  the  latter  two, 
taken  in  conjunction  with  those  from  New  Zealand  and  those  obtained 
by  the  '  Discovery,'  the  examination  of  which  has  been  entrusted  to  your 
Secretary,  will  undoubtedly  throw  light  upon  suboceanic  changes  now  in 
progress  in  the  Antarctic  regions. 


II.  The  SitucUion  of  Stations. 

As  it  is  recognised  that  the  character  of  a  seismogram  is  to  a  greater 
or  less  extent  dependent  upon  the  topographica]  and  geological  situation 
of  the  observatory  at  which  it  was  obtained,  a  letter  was  sent  to  each  of 
the  stations  at  which  horizontal  Milne  pendulums  have  been  established, 
asking  for  information  relating  to  their  installations.  The  replies  which 
have  been  received  run  as  follows  : — 


Abbasia,     Cairo,  Egypt.    {See  alto  Helwan,) 

Lat..  30*»  04'  36"  N.;  long.,  31<>  17'  13-5"  E.;  alt,  33  metres. 

Faundatiof^  is  on  sandy  loam. 

Topographioal  Situation. — On  the  border  between  desert  and  cultivated  delta ; 
5  kilometres  from  the  Nile. 

Qeologieal  Structure, — The  neighbouring  dedert  to  the  east  is  mainly  horisontally 
bedded  limestone.    The  actual  surroundings  are  Nile  valley  deposits. 

The  station  is  at  an  astronomical  observatory. 

B.  H.  Wadb,  Superintendent. 

Azores,    Panta  Ddgada,  8,  Miguel,  Azores  {Meteorological  Observatory), 

Lat.,  37°  W  18  3" ;  long.,  W.G.  25^  41'  15"  (Ih.  42m.  45s.)  ;  alt.,  16  metres. 

Foundation  is  on  a  layer  of  basaltic  rock. 

Topographioal  Sitv^ion*— On  low  ground  with  an  extent  of  nearly  2  kilo- 
metres. To  the  south  (nearly  120  metres)  is  the  sea.  The  hills  (small  or  great 
orators)  near  the  town  have  a  mean  altitude  of  180  metres.  The  nearest  is  situated 
at  a  distance  of  2  kilometres.  The  great  mountains  lie  to  the  N.E.  and  E.  Their 
height  is  900  metres,  and  they  are  9  and  12  kilometres  from  the  town. 

Qeologieal  Struoture, — A  very  thin  soil  of  volcanic  cinders,  covering  a  layer,  very 
thick  (tmknown  thickness),  of  basaltic  rock.  The  layer  was  produced  by  the 
descent  to  the  sea  of  a  lava  stream  poured  from  a  crater  situated  at  the  north  of  the 
town  of  Ponta  Delgada. 

Unie'ke&ping, — The  hour  of  the  watch  is  every  day  compared  with  the  regulator 
established  in  the  Observatory. 

Fbanoiso  a.  Chaves, 
Director  of  the  Meteorologidd  S«rvioe  of  the  Asores, 
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Baltimore,  Md,,  U.S.A. 

Ut.,  39«>  17'  8"  N. ;  long.,  76«  37'  25"  W. ;  alt.,  100  feet. 

FoHndatum  is  on  brick  pier,  built  nearly  thirty  years  ago,  on  sands  and  clays. 

Topographi4Ml  SUuatUm. — On  a  hilly  plateau. 

Oioloffieal  Structure. — Sands  and  days,  about  60  feet  thick  at  this  point,  rest  on 
ui  irregular  surface  of  crystalUne  rock  dipping  toward  the  south-east.  The  water- 
le?e]  is  about  50  feet  from  the  surface. 

Tme-Jteeping. — My  dock  is  checked  weekly  by  means  of  a  sidereal  clock.  My 
dock  does  not  keep  very  good  time. 

Habby  Fielding  Rhid. 

Batavia.    Royal  Magnetical  and  Meteorological  Observatory, 

Lat.,6<>  11'  0"  8.;  long.,  7h.  7m.  193.  B. ;  alt.,  8  M. 
Foundation  is  on  brick  pillar. 
Topographical  Situation. — Flat  country. 
Oeologioal  Structure. — Alluvium.* 

Hme-Itecpinff, — ^An  electrical  signal  is  given  hourly  by  an  observer  from  the 
astronomical  clock,  controlled  monthly  by  observation  of  the  sun. 

Dr.  S.  FiGKB,  Director. 

Beirut  Protestant  College,  Syria, 

Lat,  33^  64'  20"  N. ;  long.,  35°  28'  10"  E.;  alt.,  105  feet. 

Foundation  is  on  solid  rock. 

Topographical  Situation. — The  general  trend  of  the  coast  ridge,  which  has  an 
altitude  of  2,000  feet,  is  N.N.E.-S.S.W.  At  Beir(^t  a  limestone  spur  juts  out  about  five 
miles  due  west.  It  was,  doubtless,  once  an  island.  It  is  now  joined  with  the  mainland 
by  a  narrow  alluvial  plain,  and  the  space  to  the  south  is  filled  in  by  a  late  formation 
derived  from  shifting  sand.  Along  the  northern  face  of  this  spur  there  is  a  ledge, 
averaging- 100  yards  wide,  about  1 0  feet  above  sea-level ;  then  a  sudden  rise  to  a  terrace 
100-140  feet  above  sea,  with  a  further  rise  to  the  highest  part  of  the  ridge,  500  yards 
back,  the  height  of  which  is  226-300  feet.  The  Observatory  is  at  the  very  edge  of  the 
middle  plateau,  about  400  yards  from  its  western  extremity,  and  is  about  100  yards 
south  of  the  seashore,  which  is  rocky.  Six  miles  to  the  east  the  first  ridges  of 
Lebanon  rise  to  an  altitude  of  2,500  feet,  with  the  main  ridge,  16-20  miles  further, 
rising  to  6,000-8,700  feet. 

Oeologioal  Structure. — Stratified  limestone  (tertiary),  of  unknown  thickness,  but 
probably  not  less  than  500  feet,  and  probably  with  underlying  sandstone  100-400  feet 
thick*  under  which  is  limestone.  Water-bearing  strata  at  sea-level.  Dip  of  strata, 
6*»  N.-S. 

The  station  is  at  an  astronomical  observatory. 

ROBEBT  H.  West. 

Bideton  {Liverpool  Observatory),  England, 

Lat.,  53<»  24'  6"  N. ;  long.,  3«>  4'  20"  W. ;  alt.,  202  feet  (barometer  cistern). 
The  foundation  of  seismometer  is  at  an  altitude  of  178  feet. 

Foundation  is  on  sandstone. 

Topographical  Situation. — On  the  top  of  a  small  eminence,  from  which  the  ground 
slopes  away  rapidly  in  every  direction  but  the  south.  It  is  the  highest  ground  in 
the  immediate  neighbourhood. 

Oeologioal  Structure. — ^The  rocks  at  Bidston  are  strongly  current  bedded,  hence 
dips  are  not  very  reliable.  The  general  dip  is  to  the  east,  about  5°.  Under  the 
Observatory  there  are  26  feet  of  Keuper  basement  beds,  then  a  thin  band  of  marl 
less  than  a  foot  in  thickness,  followed  by  Upper  and  Lower  Bunter.  In  a  boring  near 
Bidston  station  the  Bunter  has  been  proved  to  be  2,860  feet  below  surface.  This 
may  include  some  Permian.  The  line  of  water  saturation  varies,  as  it  is  affected  by 
pumping.    It  is  probably  at  a  depth  of  200  feet. 

The  station  is  an  astronomical  observatory. 

William  E.  Flitmmeb. 


Also  see  Brit.  Assoc.  Rep.,  1899,  p.  178. 
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Colaba^  Bombay,^ 

Lai.,  IS''  53'  45"  N. ;  long.,  72*'  48'  56"  E. ;  alt.,  abont  35  feet  above  sea-lerel. 

Ihundatum  is  on  rock — a  large  boalder. 

Topoffraphical  Situation. — The  Observatory  is  located  at  almost  the  extremity  of 
a  narrow  and  somewhat  rising  strip  of  land  called  Colaba,  abont  two  and  a  half  miles 
in  length,  running  into  the  sea  almost  S.S.W.  from  the  island  of  Bombay.  The 
breadth  of  the  strip  where  the  Observatory  is  situated  is  abont  500  yards,  about  200 
yards  of  which,  near  the  eastern  side,  being  occupied  by  the  Observatory  compound. 
The  main  Observatory  buildings  are  located  on  the  top  of  a  small  mound,  sloping 
somewhat  more  abruptly  on  the  eapt  than  on  the  west.  The  mean  level  of  the 
ground  on  which  all  observation  buildings  are  located  is  about  32  feet  above  mean 
sea-level. 

Geological  Featu/re*. — The  rocks  generally  in  the  vicinity  and  of  the  neighbouring 
hills,  such  as  the  Malabar  and  Gumballa  Hills,  are  basaltic  traps  and  are  highly  mag- 
netic. The  probable  dip  of  the  trap  is  about  5^  to  the  westwsurd.  Excavations  show 
here  and  there  large  boulders  of  basalts  lying  in  thick  and  hard  beds  of  red  and 
somewhat  sandy  soil.  At  several  places  where  the  rock  crops  out  through  the  soU 
the  depth  of  basalts  appears  to  be  very  great,  continuous  rock  being  met  to  a  con- 
siderable depth,  as  shown  by  the  sides  of  an  existing  deep  well  in  the  compound. 
Water  is  always  available  at  a  depth  of  about  30  feet  below  ground.  The 
nearest  hill  is  Malabar  Hill,  about  four  miles  north,  across  the  Back  Bay,  while  the 
highest  hill,  the  Karauja  Hill,  about  eight  miles  across  the  harbour  towards  E.S.E., 
subtends  an  angle  of  about  1°  as  seen  &om  the  Observatory. 

This  is  an  astxonomical  observatory. 

N.  A.  F.  MooB,  Director. 


Calcutta  (Alipore  Observatory),  India? 


Cape  of  Good  Hope,  Rcyal  Observatory. 

Lat.,  33*'  56'  3"-6 ;  long.,  lb.  13m.  54.76s.  E. ;  alt.,  33  feet. 

Foundation  is  on  the  partly  weathered  rock  of  the  Malmesbury  beds— a  quartzose 
slate — with  good  unweathered  rock  at  from  16  to  30  feet  below. 

Topographical  Sitvation.—ln  a  cellar  of  the  main  Observatory  building,  which  is 
situated  on  a  rising  ground  on  the  comparatively  level  country  between  Table  Bay 
and  False  Bay. 

Geological  Structure. — *  The  site  is  underlain  by  the  oldest  rocks  of  this  part  of 
South  Africa,  the  slates  and  quartzites  known  as  the  Malmesbury  beds.  These 
rocks  form  the  whole  S.W.  corner  of  the  Cape  Colony,  and  extend  over  many 
hundred  square  miles  of  country.  No  fossils  have  been  discovered  in  any  of  the  out- 
crops, but  there  is  no  doubt  that  the  old  slates  and  quartzites  were  deposited  at  some 
period  long  anterior  to  the  Devonian  rocks  of  Europe.  The  Bokkevelt  beds  of  Cape 
Colony  contain  Devonian  fossils.  Between  these  beds  and  the  tilted  Malmesbury 
slates  there  are  4,000  to  5,000  feet  of  Table  Mountain  sandstone,  which  is  itself 
separated  by  a  very  marked  unconformity  from  the  old  slate  series.  The  Malmes- 
bury beds  in  petrological  character  resemble  some  of  the  Silurian  slates  ^nd  grits 
of  the  southern  uplands  of  Scotland.  "  Cleaved  quartzite  "  is  the  most  accurate 
description.' — Dr.  CorstorphiTies  Meport. 

David  Gill,  H.M.  Astronomer. 


Carisbrooke  {Ntnoport^Ide  of  Wight),  England, 

Observations  at  this  station  have  been  discontinued.    Its  situation  is  described 
in  the  *  British  Association  Reports  *  for  1896,  p.  185. 


See  Brit.  Assoc.  Rep.,  1899,  p.  176.  «  /*iU,  1899,  p.  m^lc 
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Coinibra  {Observatorio  Maynetico-Meteoroloffico),  Portugal, 

Lat.,  40*  12'  N. ;  long.,  8°  25'  W.,  Green.;  alt.,  141* metres. 

Fmtndatian  is  on  rock.  The  pier  is  a  cut  limestone,  erected  on  a  base  of 
masonry,  which  rests  on  a  25  cm.  layer  of  concrete,  spread  on  the  rock. 

Topographical  Situation — On  a  hill-top.  The  height  above  the  surrounding 
country  is  about  100  metres  from  the  south  side  and  15  metres  from  the  north.  The 
slopes  are  gentle  from  all  sides. 

Geologieal  Structure, — The  nature  of  the  rock  is  generally  Old  Red  Sandstone. 
Depth  of  water-bearing  strata  undetermined. 

Tijne-Ite&ping. — The  time-keeping  is  secured  by  transits  of  stars,  frequently 
observed  in  the  adjoining  Observatory.  The  watch  of  the  seismograph  is  compared 
every  day  with  a  mean-time  chronometer,  whose  corrections  are  carefully  de- 
termined. 

Db.  a.  S.  Vibqas,  Director. 

Edinburgh  Jiogal  Observatory^  Edinburghy  Scotland, 

Lat.,  65°  55'-5  N. ;  long.,  3*  11'  3"  W. ;  alt.,  441  feet. 

Foundation  is  on  granite  pier,  3  feet  high  and  18  inches  square,  built  on  the 
surface  of  the  rock,  431  feet  above  sea-level.  A  brass  plate  is  placed  under  each  of 
the  levelling  screws. 

Topographical  Situation.— The  Observatory,  in  the  basement  of  which  the  instru- 
ment is  placed,  is  situated  on  the  ridge  of  the  Blackford  Hill,  sloping  upwards  to 
the  west,  1  in  10,  to  a  height  of  about  620  feet  above  sea-level,  and  downwards  to- 
wards the  east,  about  1  in  12,  to  the  300  feet  contour  line.  Towards  the  north  the  hill 
slopes  downwards,  at  first  1  in  7,.  after  wards  less  steeply,  to  about  the  200  feet  contour 
line,  where  it  reaches  the  general  level  uf  the  neighbourhood.  Towards  the  south 
the  decline  is  less  rapid,  being  practically  level  for  some  300  yards,  after  which  it 
slopes  to  the  top  of  a  cliff,  about  80  to  100  feet  high,  overhanging  the  Braid  Bum. 

Oeological  Structure. — *  Blackford  Hill  is  practically  one  great  mass  of  andesite 
lava  (of  Devonian  age).  There  is  a  very  thin  band  of  tuff ,  which  is  a  few  hundred 
feet  below  the  surface  of  the  rock  upon  which  the  Observatory  stands,  but  it  is  only 
2  feet  in  thickness,  and  it  is  almost  as  compact  as  the  lava  above  it  and  below. 
The  chief  disturbing  factor,  so  far  as  the  andcesite  lava  is  concerned,  is  the  shattered 
condition  of  the  rock,  arising  from  the  joints  and  divisional  planes  which  traverse 
it  in  many  directions.  But  deep  within  the  hill  I  think  that  these  are  almost 
negligible.' 

Thomas  Hbath. 


HeluHin  Observaiorg,  Cairo,  Egypt,     {See  also  Abbasia.) 

Lat.,  29°  51'  34"  N. ;  long.,  Zl'>  20'  30"  E. ;  alt,  116  metres  above  sea. 

Foundation  is  on  Eocene  limestone  rock. 

Topographical  Situation. — The  Observatory  is  situated  on  a  spur  of  the  eastern 
desert  plateau,  which  is  cut  up  by  numerous  *  wadies,'  or  dry  valleys.  The  spur, 
which  rises  some  65  metres  above  the  level  of  Helwan  town,  is  about  80  metres  in 
width,  with  a  flat  top  and  a  valley  on  either  side. 

Geological  Structure. — HorijBontally  bedded  Eocene  limestone,  mostly  of  a  rather 
chalky  nature,  in  thick  beds,  with  occasional  siliceous  and  marly  bands.  Compara- 
tively little  vertical  jointing  is  seen  in  the  rock,  but  the  horizontal  bedding-planes  are 
well  marked.  Water-bearing  beds  do  not  occur  higher  than  60  metres  below  the 
site. 

The  station  is  an  astronomical  observatory. 

B.  H.  Wadb,  Superintendent. 

Honolulu  Magnetic  Observatory  (  U,S,  C,  and  O,  Survey), 

Lat.,  21<»  19'-2  N. ;  long.,  158<»  OS'S  W. ;  alt.,  45  feet. 

Fmmdation  is  on  a  concrete  pier  on  solid  coral  limestone.  C^  f^f^r^lct 

Topographical  Sitv^Uion.— The  Observatory  is  located  on  ctb^fa^gMevel^cilS 
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plain  which  forms  the  south-western  part  of  Oahu  Island,  west  of  Pearl  Harbour. 
This  plain  is  about  nine  miles  in  length,  and  of  an  average  width  of  about  two  and 
a  half  miles,  and  is  practically  level.  The  Waianae  mountains  rise  to  the  west  of 
north,  the  first  high  summit  being  5^  miles  distant  N.,  30°  W.,  2,450  feet ;  the 
second,  6 J  miles  N.,  22®  W.,  2,740  feet;  the  third,  7}  miles,  N.  20°  W.,  8,110  feet. 
Tlie  Observatory  is  about  one  mile  from  the  seashore. 

Geological  StrNrture. — The  coral  plain  is  a  raised  barrier  reef  of  great  depth, 
estimated  at  2,500  feet  at  the  seashore.  On  the  basis  of  this  estimate  the  depth  at 
the  Observatory  would  be  about  1,800  feet.  The  surface  is  covered  with  loose  coral 
stones  of  all  sizes,  with  very  little  soil,  and  there  are  frequent  large,  irr^ular  holes, 
10  or  15  feet  deep  (some  reaching  a  depth  of  even  30  feet  or  more).  Water  is  found 
at  a  depth  of  about  45  feet,  or  about  sea-level.* 

Time-keeping, — Star  observations  with  theodolite. 

S.  A.  Deel,  Magnetic  Observer  U.S.  C.  and  O.  8. 

Kodaikdnal  Observaton/y  Madras,  India, 

Lat.,  10°  13'  60"  ;  long.,  5h.  09m.  52s.  E. ;  alt.,  7.688  feet. 

Foundation  is  on  rock. 

Ttfpographieal  Situation. — On  the  top  of  a  hill.  At  a  distance  of  about  two  miles 
on  the  east  and  south  sides  the  hills  slope  very  steeply  down  to  a  height  of  800  to 
900  feet  above  sea-level.  Towards  the  west  and  north  the  plateau  is  much  more 
extensive.  The  highest  point  lies  to  the  W.S. W.,  is  four  miles  distant,  and  the  top  is 
8,200  feet.  The  Palani  Hills,  on  which  Kodaikanal  stands,  form  a  mass  fifty-four 
miles  long  from  east  to  west  and  fifteen  miles  broad.  Tho  plateau  is  at  an  average 
elevation  of  7,300  feet  above  sea-level. 

Geological  Structure.—*  Chamockite,'  *  a  group  of  hypersthene-bearing  rocks,  which 
form  the  largest  single  section  of  the  Archasan  gneisses  in  peninsular  India.' '  The 
rocks  have  been  but  little  disturbed,  and  there  are  well-marked  lines  of  false  bedding 
running  N.B.  and  S.W.  The  chief  precipices  face  either  nearly  south  or  nearly  east, 
so  the  chief  lines  of  jointing  may  be  considered  parallel  to  these  directions. 

It  is  an  astronomical  observatory,  but  it  also  receives  a  direct  signal  from  the 
Madras  Observatory  clock  at  4  p.m.  daily.' 

C.  MiCHiB  Hmith,  Director  Kodaikdnal  and  Madras  Observatories. 

Boyal  Alfred  Observatory,  Mauritius, 

Lat.,  20°  5'  39"  S. ;  long.,  3h.  50m,  12'6s.  E.  of  Greenwich;  alt.,  178  feet. 

Foundation  is  on  alluvium. 

Topographical  Situation. — On  a  plain  three  miles  from  the  west  coast.  From  N. 
through  E.  to  S.E.  the  ground  generally  rises  to  Mount  Pitou,  the  summit  of  which 
bears  about  E.S.E.,  and  is  917  feet  above  mean  sea-level.  Between  S.E.  and  S.W. 
there  is  a  chain  of  mountains,  the  highest  peak  of  which,  the  Pieterboth,  bears 
nearly  six  miles  due  south  and  has  an  altitude  of  2,874  feet. 

Geological  Structure. — The  island  is  of  volcanic  origin.  It  has  been  supposed 
that  the  alluvium  has  a  depth  of  from  2  to  1 4  feet,  below  which  is  solid  basalt ;  but 
I  have  recently  dug  23  feet,  to  obtain  a  solid  rock  foundation  for  the  seismograph, 
and  instead  of  rock  I  came  to  water,  which  has  risen  9  feet  in  the  hole.  This  will 
account  for  the  large  changes  of  level  produced  by  heavy  rains.  I  have  also  recently 
discovered  that  a  lamp  at  night  (to  check  tremors)  introduces  a  change  of  level,  the 
boom  tilting  away  from  the  lamp.  It  seems  as  if  the  tremors  were  caused  by  radia- 
tion of  heat  from  the  pier,  and  I  thought  our  magnetic  basement  (whose  floor 
is  13  feet  below  the  surface  of  the  ground,  and  in  which  the  diurnal  range  of  tem- 
perature is  usually  less  than  0-3^  F.)  would  be  an  ideal  place  for  the  seismo« 
graph.  There  is  only  one  spot  where  there  is  suflScient  room  for  the  instrument,  and 
in  that  spot,  as  I  have  said,  we  came  to  water  at  10^  feet,  i.e,,  23^  feet  below  the 
surface. 


See  Brit.  Assoc.  Rep.,  1903,  p.  78. 

Holland,  Memoirs  of  the  Geological  Survey  of  India,  vol.  xxviii. 

Also  see  Brit.  Assoc,  Rev,,  1899,  p.  175.  /^^^^T^ 

Digitized  by  V^OOQLC 
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I  hope  to  be  able  to  try  another  spot  shortly,  beloY/  the  floDr  of  the  main 
bailding. 

Tlm€-kee^nj,^By  the  osaal  methods  at  an  astronomical  observatory.^ 

T.  F.  Claxton,  Director. 

Paisley  (The  Coats  Observatory),  Scotland, 

Lat.,  SS**  50'  44"  N. ;  long.,  Oh.  17m.  43-3s.  W. ;  alt.,  100  feet  above  sea-level. 

Foundation  is  on  boulder  clay. 

Tapoffraphical  Situation, — Instrument  Is  placed  near  the  top  (but  on  the  south 
side)  of  Oakshaw  Ilill,  the  most  northerly  of  a  series  of  ridges  which  run  east  and 
vrest  between  the  Gleniffer  Braes  (800  feet  high  and  three  miles  to  the  south)  and 
the  Clyde,  a  tidal  river,  three  miles  to  the  north. 

Geologieal  StruetMre.—kWviyivimt  i.tf.,  boulder  clay,  which  may  be  30  feet  thick, 
resting  probably  on  limestone  or  sandstone.  The  district  is,  geologically,  a  very 
troubled  one  ;  e.g.^  the  surface  of  Paisley  town — say,  a  mile  square — showing  moss, 
running  sand,  shell  clay,  boulder  clay,  limestone,  sandstone,  coal,  dolerite,  &c. 

The  station  is  an  astronomical  observatoiy. 

David  Cbilley,  Superintendent. 

Kew  Observatory  {National  Physical  Laboratory),  England, 

Lat.,  61«  28'  N. ;  long.,  0°  19'  W. ;  alt.  of  seismograph,  20  feet  above  M.S.L. 

Hie  instjnimenftfintndaition  is  on  pipes  filled  with  cement,  resting  on  a  tliick  bed 
of  cement.  The  ground  immediately  below,  consisting  of  earth  and  brick  rubbish, 
was  rammed  hard  before  the  cement  was  laid.  The  supports  are  isolated  from  the 
paving-stone  of  which  the  flooring  is  composed. 

Topographical  Situation. — The  Observatory  stands  on  a  low  mound,  presumably 
artificial.  It  has  a  deep  basement,  in  which  the  seismograph  is  situated,  the  whole 
surrounded  b}-  unused  subterranean  cellars.  The  surrounding  ground  is  nearly  level 
and  covered  with  grass,  except  a  small  gaixlen.  The  Old  Deer  Park,  in  which  the 
Observatory  stands,  is  bounded  on  its  west  and  north  by  the  Thames,  whose  nearest 
approach  to  the  building  is  some  300  yards.  In  exceptional  floods  and  high  tides 
water  sometimes  spreads  to  within  fifty  or  sixty  yards  of  the  Observatory,  and  has 
once  or  twice  reached  the  basement.  The  nearest  ground  showing  any  considerable 
slope  is  Richmond  HilL  The  upward  slope  of  the  hill  commences  about  1,500  yards 
away  in  a  south-eastern  direction.  Its  altitude  is  only  some  200  feet,  the  highest 
point  being  some  two  miles  distant. 

Geological  Stmeture We  have  no  special  knowledge.    No  deep  boring  has 

been  made  nearer  than  that  of  the  Richmond  Water  Company.  The  soil  of  the 
immediately  adjacent  park  is  alluvium  (there  are  patches  of  sand  and  gravel  not 
yery  far  off).    This  we  suppose  to  rest  on  the  London  Clay  at  no  great  depth. 

Time'heeping,--K  daily  Greenwich  time-signid  is  received,  and  there  are  good 
docks. 

Chables  Chbee,  Superintendent. 

Perth  Observatory,  Western  Australia, 

Lat.,  3l«  57'  07"-4  S. ;  long..  7h.  43m.  21-748.  B. ;  alt.,  200  feet. 

Fowndation  is  on  sand. 

Topographical  Situation,— WlXtap,  Level  for  half  a  mile  souths  then  drops  sud- 
denly to  sea-level.    Gradual  slope  downwards  in  other  directions,  though  steep  to  east. 

Geological  ^riM^^r^.-- Considerable  depth  of  sand  (may  be  100  feet  or  more)  on 
top  of  limestone. 

W.  Ebnsst  Cooke,  Government  Astronomer. 

San  Fernando  (Observatorio  de  Marina),  Cadiz,  Spain, 

Lat.,  36*»  27'  42" ;  long.,  Oh.  24m.  40-348.  W.G. ;  alt.,  28-5  metres. 
Ibundation  is  on  rock. 


»  See  BHt.  Assoc.  Rep,,  1899,  p.  179.   Digitized  by  GOOglC 
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Tapographioal  Situation, — The  Observatory  is  sitaated  on  a  hilltop,  whose  height 
above  the  environs  is  10  metres.    The  dip  (mean)  is  7°. 

Geological  Struetvre.—  The  instrument  is  momited  on  a  pillar  bnilt  on  the  same 
rock,  which  is  a  calcareons  one,  whose  thickness  is  very  variable.* 

The  station  is  an  astronomical  observatory. 

Cafitan  de  Fbaoata  Tomas  bb  Azgarate,  Director. 

Shide,  Newport,  Isle  of  Wight,  England, 

Lat,  60°  41'  18"  N. ;  long.,  1°  17'  10"  W. ;  alt.,  about  60  feet. 

Foundation  is  on  a  brick  column,  18  inches  square  and  6  feet  in  height,  founded 
upon  disintegrated  chalk,  beneath  which  there  is  solid  chalk. 

Topographical  Sitttatum. — On  the  eastern  side  of  a  valley  runuing  north  and 
south.  The  station  is  40  feet  above  a  small  stream  in  the  bottom  of  the  valley  and 
200  feet  below  the  crest  of  a  ridge  which  runs  E.8.E.  to  W.N.W.,  across  which  the 
valley  is  cut.  In  the  bottom  of  the  valley,  which  is  about  half  a  mile  in  breadth, 
there  is  alluvium  and  grass  land.  Its  eastern  side  is  steep  (about  25°)  and  covered 
with  grass  and  s:orse. 

Geological  Structure.— The  station  is  on  the  chalk  ridge  which  forms  the  back- 
bone of  the  island.  The  dip  is  steep,  approaching  the  Tertical,  and  'towards  the 
north.    The  strike  is  as  given  above.' 

Time-keeping. — Time  is  obtained  from  the  jX)st-office  at  Newport,  which  receives 
a  daily  signal  from  Greenwich.  It  can  also  be  obtained  by  noting  the  time  when 
the  sun  is  due  south.  For  this  purpose,  in  the  south  wall  of  the  Observatory  there  is 
a  vertical  slit  made  of  two  sheets  of  iron.  The  image  of  this  is  thrown  by  the  sun 
on  to  a  north  wall  16  feet  distant.  When  this  image  reaches  a  liue  on  the  wall  the 
sun  is  due  south.    Accuracy  ±  1  sec. 

John  Milne 

Stranburg^  Elmss,  Germany, 

Lat.,  48°  35'  N. ;  long.,  7°  46'  10"  B.;  alt.,  135  metres. 

Foundation  is  on  compact  pure  gravel,  alluvium. 

Topographical  Situation. — The  instrument  is  on  an  isolated  pier  in  water-bearing 
strata,  on  the  Rhine  plain,  in  the  University  Garden,  60  metres  from  Goethestrasse' 
and  65  metres  from  the  Universitatsstrasse,  along  which  heavy  traffic  is  not  per- 
mitted. The  Yosges  Mountains  are  about  20  kilometres  distant  and  the  Schwarz 
Wald  about  15  kilometres. 

Geological  Structure. — On  the  compact  gravel  of  unknown  depth  which  fills  the 
valley  between  the  above-mentioned  ranges.  Water-bearing  strata  are  found  at  a 
depth  of  1*60  metre. 

Time-keeping. — Time  is  kept  by  means  of  a  Strasser  and  Rohdesche  'Normal 
Uhr '  (chronometer),  in  telegraphic  connection  with  the  Astronomical  Observatory. 
Weekly,  or  more  frequently,  if  required,  this  is  compared. 

Pbofessob  Dr.  Bb.  Weigand. 

Sydney,  N.S,  Wales. 

Lat.,  33°  51'  41";  long.,  lOh.  4m.  60-81s.  B. ;  alt.,  142  feet. 

Foundation  is  on  clay  and  ironstone  shale  on  sandstone.  The  seismograph  is 
placed  on  a  glazed  brick  pedestal  about  3  feet  from  floor,  as  per  instructions  sent 
with  the  instrument. 

Topographical  Situation. — On  top  of  a  hill  142  feet  aboTC  sea-lcTel.  Gradual 
slope  south  and  east  side,  precipitous  on  north  and  west  side. 

The  station  is  an  astronomical  observatory. 

H.  R.  Lenehan,  Acting  Govt.  Astronomer. 

Toronto,  Canada.* 


»  See  Brit.  Assoe.  Rop.y  1899.  ^  ^ 

»  2Hd.,  1896,  p.  184.  and  1902,  p.  60.  •  Ibid,,  1899,  f^dJOOXOi 
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Trinidady  West  Indies, 

Lat.,  10<>  40'  N. ;  long.^61°  30'  W. ;  alt.,  66-71  feet  above  mean  sea-level. 

Foundation  is  on  Hard  ^n— sand*  and  clay — on  a  base  of  concrete  6  feet  deep. 

Topograpkieal  SUiiaiiaa. — On  fairly  level  ground  at  the  foot  of  a  ridge  distant 
about  600  feet  and  500  feet  in  height.  '  In  the  opposite  direction,  at  a  distance  of 
abont  two  miles,  is  the  seal 

(Geological  Structure. — Yellowish  sandy,  slaty  shale  with  quartz  contortions. 

Timc-keeping. — Daily  astronomical  observations  are  taken  by  Survey  officer. 

J.  H.  Habt,  Director. 


Victoria,  British  Columbia,  Canada. 

Lat.,  48°  23'  N. ;  long.,  123*'  19'  W. ;  alt.,  12  feet. 

Foumlation.—  The  instrument  is  placed  upon  a  concrete  pillar  (about  18  inches 
square  at  top),  which  goes  down  9  feet  6  inches  to  a  bed  of  hard  pan  which  overlies 
the  native  rock  of  the  island. 

Topographical  Situation.— The  station  is  in  the  basement  of  a  large  three- 
storey  brick  building,  formerly  used  as  a  Custom  House.  The  ground  floor  of  this 
building  is  on  the  water-front  street,  from  which  there  is  a  gradual  slope  down  to 
a  wharf;  the  basement  is  about  10  feet  below  the  level  of  this  street,  and  from  the 
street  the  city  gradually  rises  up  a  further  incline  of  about  160  feet. 

The  nearest  hill  is  Mouht  Donglas,  696  feet  altitude,  distant  between  four  and  five 
mites  to  the  north-eastward. 

To  the  westward,  about  12  to  14  miles  away  across  the  water  (sea)  known  as 
Boyal  Roads  (the  entrance  to  Esquimalt  Harbour),  lies  the  range  of  mountains 
the  Booke  Hills,  running  north-west  and  south-east,  and  reaching  about  1,000  feet 
altitude.  These  hills  are  outlying  part«  of  the  great  mountain  ranges  which  form 
the  backbone  of  Vancouver  Island,  with  peaks  reaching  an  altitude  of  6,000  feet. 

Twenty  miles  to  the  southward,  across  the  Straits  of  Juan  de  Fuca,  is  the 
northern  coast  of  the  State  of  Washington,  and  from  the  waters  edge  rise  in  suc- 
cessive tiers,  running  east  and  west,  the  splendid  chain  of  mountains  known  as  the 
Olympian  Range,  whose  summits  attain  8,000  feet  of  altitude.  These  summits  are 
distant  from  Victoria  from  60  to  75  miles.* 

Geological  Structure. — Dr.  G.  M.  Dawson,  the  late  Director  of  Greologioal  Survey 
of  Canada,  tays  on  page  88  of  his  Report,  1876-77  :— 

'  Volcanic  action  has  played  a  large  part  in  the  building  up  of  these  rocks  of 
Vancouver  Island,  and  near  Victoria  probably  nine-tenths  of  their  entire  thicknes.^ 
is  made  up  of  ashbeds,  interleaved  with  lavas  and  other  igneous  rocks.  These,  from 
their  composition,  have  yielded  readily  to  metamorphism,  and  now  lithologically 
resemble,  as  you  have  pointed  out,  the  rocks  of  the  Huronian  and  alt^d  Quebec 
groups  of  Eastern  Canada.  This  likeness,  with  the  fact  that  the  rooks  still  preserve 
not  alone  the  chemical,  but  also  in  some  places  the  mechanical,  characteristics  of 
volcanic  rocks,*  &c. 

Mr.  W.  L.  Sutton,  a  well-known  resident  geological  expert,  says  that  the  Victoria 
rock  is  dense,  igneous,  and  quite  massive,  with  comparatively  little  jointage,  and 
closely  allied  to  diabase  in  general  character. 

Time This  is  not  an  astronomical  observatory,  but  our  chronometer  is  rated  at 

least  once  a  week  by  comparison  with  the  time  which  is  g^ven  over  the  Canadian 
Pftdfic  Railway  telegraph,  from  the  ^lontreal  Astronomical  Observatory ;  our  office 
tetegrai^  being  switched  on  to  the  local  C.P.R.  telegraph  office  and  communication 
received  direct  from  Montreal. 

S.  Batkbs  Reid,  Superintendent. 


III.  ITie  Origins  of  Large  Earthquakes  in  1904. 

earthquakes  recorded  at  Shide  in  1904 
Bs  from  which  twenty-eight  of  them  or 

»  See  BHt  Assoc.  Bcp.,  1899,  p.  172.    Digitized  by  GoOglc  ^"^ 


The  number  of  earthquakes  recorded  at  Shide  in  1904  was  eighty- 
three.     The  localities  from  which  twenty-eight  of  them  originated  are 
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indicated  by  their  Shide   register  number  on  the  accompanying   map. 
They  are  distributed  as  follows  : — 

District  E  (Japans-Formosa)     •        •       •        •        •        .12 

District  F  (Java  to  Fiji)     .        , 9 

District  F  (Himalayan  Line) 4 

District  M  (New  Zealand  Fold) 3 

Large  earthquakes  do  not  appear  to  have  been  noted  in  any  other  dis- 
tricts. From  1899  to  1902  there  was  marked  activity  in  the  Alaskan, 
Cordillerean  and  Antillean  regions.  This  has  gradually  waned,  whilst 
activity  on  the  opposite  side  of  the  Pacific  has  not  undergone  any  marked 
change.  M  is  a  district  brought  into  notice  by  records  brought  home 
by  the  '  Discovery.'  These  show  that  to  the  south-west  of  New  Zealand 
there  is  a  region  where  geotectonic  changes  are  much  more  marked  than 
has  hitherto  been  supposed. 

IV.  On  International  Co-operation  for  Seismological  Work, 

In  the  British  Association  Report  for  1904,  p.  45,  a  short  statement 
is  given  of  efforts  which  have  been  made  to  establish  international 
inquiry  about  earthquakes.  Amongst  other  matters,  reference  is  made  to 
a  Committee  appointed  by  the  International  Association  of  Academies, 
This  Committee  recommends  that  the  Associated  Academies  should  take 
action  with  their  respective  Governments  in  favour  of  joining  the  Seismic 
Association  founded  in  Strassburg,  but  proposes  changes  in  the  terms  of 
the  Convention.  One  change  is  to  the  effect  that  a  State  may  join  the 
Association  either  through  its  Government,  or  through  one  of  its  scientific 
bodies.  Another  relates  to  the  choice  of  a  central  station,  which  is  left  to 
the  General  Assembly.  At  present  this  is  at  Strassburg,  but  the 
Committee  did  not  consider  it  was  necessary  that  the  locality  should 
be  named  in  the  Convention.  Other  proposed  changes  were  of  a  minor 
character. 

These  resolutions  have  been  considered  by  the  Seismic  Committee  of 
the  Royal  Society,  and  His  Majesty's  Government  will  be  advised  to  join 
the  German  Convention  under  certain  conditions.  Three  of  these  are  as 
follows  : — That  the  suggested  changes  be  adopted ;  that  the  United  States 
of  America  and  France  are  willing  to  co-operate ;  and  that  seismology 
receives  State  aid  in  Britain. 

V.  Tabulation  of  the  Records  obtained  in  Tokyo  of  Hie  Gray-Milne 
Seismograph  for  the  Years  1886-1901.     By  R.  D.  Qldham. 

The  discussion  of  the  records  of  the  Gray-Milne  seismograph  was 
undertaken  primarily  with  the  view  of  detecting  any  possible  effect  of  the 
variation  in  tidal  stresses  on  the  frequency  of  earthquakes,  and  though  the 
result  has  been  inconclusive,  the  figures  may  be  useful  in  some  other 
connection. 

The  cost  of  the  calculation  was  defrayed  by  a  grant  from  the  Research 
Fund  administered  by  the  Royal  Society  ;  the  work  was  conducted  by 
Babu  Fhanindra  Lai  Ganguli,  Research  Scholar  of  the  Calcutta  Uni- 
versity, and  consisted  in  calculating  for  each  shock  (1)  the  exact  local 
time  of  occurrence  ;  (2)  the  lunar  time,  taking  the  interval  between  two 
successive,  similar,  meridian  passages  of  the  moon  as  representing  twenty- 
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four  lunar  hours  ;  and  (3)  the  declination  of  the  sun  and  the  moon  at  the 
time  of  the  shock. 

The  results  are  tabulated  according  to  the  declination  and  time,  the 
classification  being  such  that  each  group  of  shocks  represents  a  period 
during  which  the  distribution  of  the  tidal  stresses  wtS  practically  uniform. 
The  grouping  adopted  has  also  the  advantage  that,  by  taking  11°  as  a 
limit,  and  dividing  the  year  into  three  portions,  according  as  the  decli- 
nation of  the  sun  is  greater  or  less  than  that  limits  we  get  three  almost 
equal  periods,  corresponding  closely  to  the  four  winter  months,  November, 
December,  January,  and  February  ;  the  four  summer  months,  May,  June, 
July,  and  August ;  and  the  spring  and  autamn  months,  March,  April, 
September,  October  respectively. 

The  discussion  of  the  record  as  a  whole  gave  no  indication  of  tidal 
periodicity,  differing  in  this  respect  from  that  of  the  seismograph  at 
Shillong,  but  this  may  well  be  due  to  the  difference  in  the  character  of  the 
record.  At  Shillong  only  true  tectonic  earthquakes  of  a  degree  of  violence 
corres^nding  to  at  least  III  of  the  Rossi-Forel  scale  were  registered  ;  at 
Tokyo,  on  the  other  hand,  the  greater  part  of  the  record  is  composed  of 
shocks  which  could  not  be  felt,  which  were  so  feeble  that,  even  instru- 
mentally,  they  could  only  be  detected,  not  measured,  and  which  are  very 
probably  of  quite  a  different  nature  to  the  tectonic  earthquakes,  in  which 
alone  the  effect  of  tidal  stresses  is  to  be  looked  for. 

If  only  those  shocks  which  had  a  measurable  amplitude  are  con- 
sidered, the  distribution  is  as  represented  in  the  second  set  of  tables. 
The  total  number  of  shocks  is  too  small  for  detailed  discussion,  but  a 
comparison  of  the  ratio  of  shocks  occurring  between  the  hours  of  18  and  6 
on  the  one  hand  and  between  6  and  18  on  the  other,  when  the  declination 
is  more  than  11°  north  or  south,  and  for  the  whole  record,  gives  the 
following  result : — 
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From  this  it  will  be  seen  that  in  the  case  of  both  sun  and  moon  the 
ratio  of  shocks  occurring  in  the  half -day  containing  the  upper  culmina- 
tion to  those  occurring  in  the  half-day  containing  the  lower  culmination 
is  above  the  average  ratio  when  the  declination  is  north,  and  below  it 
when  the  declination  is  south.  As  the  rate  and  range  of  variation  of 
tidal  stresses  in  Japan  is  greater  in  the  half -day  containing  the  upper 
culmination  when  the  declination  is  northerly,  while  the  reverse  is  the 
case  when  the  declination  is  southerly,  this  result  falls  in  with  the 
supposition  that  tidal  stresses  have  some  effect,  and  tend  to  increase 
the  -frequency  of  earthquakes  at  the  time  when  they  have  the  greatest 
range  and  rate  of  variation.  As  regards  the  effect  of  the  attraction  of 
the  sun,  this  principle  may  be  more  briefly  expressed  :  that  the  ratio  of 


day  to  night  shocks  is  higher  in  summer  than  in  winter. 
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Experhae)U8  for  improving  ilis  Gonstructiofi  of  Practical  Standa/rds  for 
Electrical  Mea,8urements, — Report  of  the  Committee,  consisting  of 
Lord  Rayleigh  {Chairman),  Dr.  R.  T.  Glazebrook  (Secreta/ry), 
Lord  Kelvin,  Professors  W.  E.  Ayrton,  J.  Perry,  W.  G.  Adams, 
and  G.  Carey  Foster,  Sir  Oliver  J.  Lodge,  Dr.  A.  Muirhead, 
Sir  W.  H.  Preece,  Professors  A.  Schuster,  J.  A.  Fleming, 
and  J.  J.  Thomson,  Dr.  W.  N.  Shaw,  Dr.  J.  T.  Bottomley, 
Rev.  T.  C.  FiTZPATRiCK,  Dr.  G.  Johnstone  Stoney,  Professor 
S.  P.  Thompson,  Mr.  J.  Rennie,  Principal  E.  H.  Griffiths,  Sir 
A.  W.  RCCKER,  Professor  H.  L.  Callendar,  and  Mr.  George 
Watthey. 

Appbndix— ^  the  Preparation  of  a  Cadmiiuin.  Cell,    By  F.  B.  Smith. 
{From  the  National  Pkyneal  Lciboratory) -page    98 

The  Committee  are  glad  to  report  that  satisfactory  progress  has  been 
made  during  the  year  with  the  Ampere  Balaoice. 

The  weighing  mechanism  was  taken  over  from  the  maker  shortly  after 
the  last  meeting  of  the  Association  and  the  work  on  the  coils  completed 
at  the  National  Physical  Laboratory.  The  labour  involved  in  insulating 
the  two  wires  on  the  large  cylinders  was  very  great.  Each  wire  consists 
of  about  ninety  turns  of  about  103  centimetres  circumference.  Thus  each 
wire  is  about  93  metres  in  length,  and  the  two  are  along  their  whole 
length  about  one- tenth  of  a  millimetre  apart.  In  the  coils  as  finally  set 
up  the  insulation  resistance  between  these  two  wires  is  measured  in 
thousands  of  megohms,  and  is  thus  amply  sufficient. 

The  cost  of  the  balance  has  amounted  to  302Z.  6«.,  the  excess  over 
the  300Z.  granted  for  the  purpose  being  met  out  of  the  general  fund  at  the 
disposal  of  the  Committee. 

Calculations  of  the  force  to  be  expected  between  the  coils  when 
carrying  one  am'p^re  have  been  made  by  Mr.  Mather  and  Mr.  F.  E.  Smith, 
of  the  National  Physical  Laboratory,  and  are  in  close  agreement. 

The  designs  from  which  the  baUnce  has  been  made  are  the  work  of 
Mr.  Mather,  and  originally  it  was  contemplated  that  the  balance  would 
be  set  up  at  the  City  and  Guilds  Central  Institute  in  Exhibition  Road. 
At  a  meeting  of  the  Committee  held  on  March  31,  1905,  however,  this 
decision  was  modified,  and  the  following  minute  agreed  to  : — 

That  the  Ampere  Balance  remains  for  the  present  at  the  National 
Physical  Laboratory,  and  that  a  determination  of  the  ampere  be  made 
with  it  there  under  the  supervision  of  Professor  Ayrton  and  Mr.  Mather, 
steps  being  taken  to  connect  closely  with  the  determination  and  with  any 
nodfioation  of  the  results  the  names  of  the  late  Professor  J.  Y.  Jones, 
Professor  Ayrton,  and  Mr.  Mather,  to  whom  the  design  of  the  instrument 
is  entirely  due. 

Accordingly  the  balance  has  been  set  up  at  the  National  Physical 
Laboratory  and  a  number  of  preliminary  tests  have  been  made.  Par- 
ticulars of  some  of  these  follow. 

Amtphre  BeUo/nce, — The  weighing  mechanism  of  the  balance  was 
erected  by  Mr.  L.  Oertling  at  the  National  Physical  Laboratory  in 
March  of  the  presei^t  year,  and  the  electrical  equipment  was  completed 
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immediately  afterwards.  The  four  coils  of  bare  copper  wire  wound  on 
marble  cylinders  have  given  complete  satisfaction,  the  ellipticity  and 
conicality  of  each  being  very  small.  The  average  ellipticity  is  such  that 
the  diameters  of  the  ellipse  differ  in  length  by  about  10  micron,  while  the 
average  conicality  is  approximately  represented  by  a  difference  between 
the  mean  diameters  of  two  sections  13  cm.  apart  (the  axial  length  of  one 
coil)  of  about  12  micron.  The  contour  of  the  cylinders  is  very  well 
known,  and  the  mean  diameter  has  been  measured  with  a  probable  error 
not  greater  than  0*001  per  cent.  This  knowledge  enables  the  calculation 
of  the  mutual  induction  between  two  coils  to  be  made  with  great 
accuracy. 

Preliminary  observations  with  a  current  of  nominal  value  1  ampere 
were  made  at  various  times  during  April  and  May,  the  first  set  of  such 
observations  determining  the  temperature  to  which  the  coib  are  raised 
by  a  continuous  steady  current,  the  magnitude  of  the  disturbances 
arising  from  convection  currents,  the  influence  of  the  silver  strips,  and 
the  nature  of  other  disturbances.  The  convection  currents  give  some 
trouble,  but  the  experiments  already  carried  out  indicate  that  a  change 
of  0-001  per  cent,  in  a  current  of  nominal  value  1  ampere  will  be 
detectable. 

The  balance  acts  conveniently  as  an  indicator  of  the  magnetic 
permeability  of  the  marble  and  metal  parts  of  which  it  is  constructed, 
and  it  is  satisfactory  to  know  that  the  permeability  of  these  parts  does 
not  differ  from  unity  by  a  measurable  amount,  and  cannot  therefore 
influence  the  final  results. 

Early  observations  showed  that  the  concentric  cable  employed  in  the 
leads  to  the  balance  was  faulty,  some  of  the  internal  strands  being  broken, 
and  the  variable  contacts  thus  resulting  prevented  a  steady  current  from 
being  obtained.  Fresh  concentric  cable  is  being  inserted,  which  should 
enable  the  final  observations  to  be  speedily  made. 

Apparatus  for  the  determination  of  *^.' — The  three  half-second 
pendulums  (the  property  of  the  Board  of  Education,  and  which  were 
used  in  the  last  Antarctic  expedition)  have  been  swung  at  Kew  and  at 
the  National  Physical  Laboratory  in  the  room  where  the  balance  is 
erected.     The  observations  are  being  continued. 

When  all  the  constants  have  been  determined  and  the  observations 
with  the  balance  are  complete  it  will  be  necessary  to  consider  the  means 
by  which  the  result  is  to  be  given  to  the  world.  The  current  may  be 
reproduced  either  by  means  of  the  silver  voltameter  or  by  means  of  a 
standard  cell  and  a  standard  resistance.  The  silver  voltameter  is  being 
investigated  at  the  National  Physical  Laboratory,  and  a  comparison  of 
the  accuracies  of  reproduction  would  perhaps  influence  the  choice. 

The  Committee  were  represented  at  the  International  Electrical 
Congress  at  St.  Louis  last  year  by  Professor  Perry  and  the  Secretary. 

The  resolutions  passed  at  the  Cambridge  Meeting  of  the  Committee 
(see  Report  for  1904)  as  to  certain  questions  proposed  for  discussion 
were  laid  before  the  Congress,  and  after  discussion  the  following  reports 
were  unanimously  accepted  : — 

Committee  of  the  Chamber  of  Delegates  on  International  Eleetro-magnetie 

Units. 

The  Sub-Committee  appointed  September  13|  1904,  beg  lear^  to  suggest  that  the 
Clmmber  of  Delegates  should  adopt  the  following  report  s-^  ^<^  t 
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It  appears  from  papers  laid  before  the  International  Electrical  Congress  and 
from  the  discussion  that  there  are  considerable  discrepancies  between  the  laws 
relating  to  electrical  units,  or  their  interpretations,  in  the  various  countries  repre* 
sented,  which,  in  the  opinion  of  the  Chamber,  require  consideration  with  a  view  to 
securing  practical  uniformity. 

Other  questions  bearing  on  nomenclature  and  the  determination  of  units  and 
standards  have  also  been  raised,  on  which,  in  the  opinion  of  the  Chamber,  it  is 
desirable  to  have  international  agreement. 

The  Chamber  of  Delegates  considers  that  these  and  similar  questions  could  best 
be  d^t  with  by  an  International  Commission  representing  the  Governments  con* 
oemed.  Such  a  Commission  might,  in  the  first  instance,  be  appointed  by  those 
countries  in  which  legislation  on  electric  units  has  been  adopted,  and  consist  of, 
ny,  two  members  from  each  country. 

Provision  should  be  made  for  securing  the  adhesion  of  other  countries  prepared 
to  adopt  the  conclusions  of  the  ComAiission. 

The  Chamber  of  Delegates  approves  such  a  plan,  and  requests  its  members  to 
bring  this  report  before  their  respective  Governments. 

It  is  hoped  that  if  the  recommendation  of  the  Chamber  of  Delegates  be  adopted 
hy  the  Goveinments  represented  the  Commission  may  eventually  Income  a  perma« 
nent  one. 


Committee  of  the  Chamber  of  Delegates  on  International  Standardisation, 

The  Committee  of  the  Chamber  of  Delegates  on  the  Standardisation  of  Machinery 
beg  to  report  as  follows  : — 

That  steps  should  be  taken  to  secure  the  co-operation  of  the  technical  societies 
of  the  world  by  the  appointment  of  a  representative  Commission  to  consider  the 
question  of  the  standardisation  of  the  nomenclature  and  ratings  of  electrical 
apparatus  and  machinery. 

If  the  above  recommendation  meets  the  approval  of  the  Chamber  of  Delegates 
it  is  suggested  by  your  Committee  that  much  of  the  work  could  be  aocomplish»i  by 
correspondence  in  the  first  instance  and  by  the  appointment  of  a  General  Secretary 
to  preserve  the  records  and  crystallise  the  points  of  disagreement,  if  any,  which  may 
arise  between  the  methods  in  vogue  in  the  different  countries  interested. 

It  is  hoped  that  if  the  recommendation  of  the  Chamber  of  Delegates  be  adopted 
the  Commission  may  eventually  become  a  permanent  one. 

The  first  of  these  Reports,  relating  to  the  summoning  of*  an  Inter- 
national Congress  on  £lectrical  Units,  is  now  under  the  consideration  of 
His  Majesty's  Government.  Meanwhile  a  preliminary  conference  of  re- 
presentatives of  standardisipg  laboratories  and  others  interested  in  the 
determination  of  electrical  units  has  been  summoned  bj  the  President  of 
the  Beichsanstalt  to  meet  in  Berlin  in  the  autumn.  ]x>rd  Rayleigh  and 
the  Secretary  have  received  invitations  to  be  present. 

The  object  of  this  Conference  is  stated  to  be  that  the  institutions 
which  are  concerned  in  maintaining  the  accuracy  of  electrical  measure- 
ments in  conjunction  with  those  scientists  who  have  devoted  especial 
attention  to  this  field  of  work  should  exchange  opinions,  and  if  possible 
come  to  an  agreement  as  to  the  measures  which  must  be  taken  in  order 
to  obtain  the  international  uniformity  in  electrical  units  and  measure- 
ments which  is  desired.  It  is  thus  preliminary  to  the  more  formal  con- 
sideration of  the  subject,  which  would  be  the  work  of  the  International 
Congress. 

One  of  the  important  questions  which  will  be  discussed  will  be  the 
specification  of  some  form  of  standard  cell.  Work  on  this  matter  has 
gone  on  in  America  and  at  the  National  Physical  Laboratory,  and  an 
Appendix  to  the  Beport  by  Mr.  Smith  contains  a  provisional  specification. 

1905.  HO 
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It  is  suggested  that  persons  interested  in  the  matter  might  help  by  setting 
up  cells  in  accordance  with  this  specification  and  submitting  them  for 
test  at  the  laboratory. 

Of  the  grant  made  to  the  Committee  in  1904  a  balance  of  31,  is.  lOd. 
remains. 

The  work  which  remains  to  be  done  on  the  standard  cell,  and  with  the 
Ampere  Balance,  will  all  involve  considerable  expense,  and  to  meet  this 
the  Committee  ask  for  reappointment,  with  a  grant  of  251.  in  addition  to 
the  balance  now  in  their  hands. 


APPENDIX. 


On  the  Preparation  of  a  Cadmium  Cell,     By  ¥,  E.  Smith. 
(From  the  National  Ph5'sical  Laboratory.) 

The  research  on  standard  cells  has  been  continued  at  the  National 
Physical  Laboratory  on  the  lines  indicated  in  the  last  Report  to  the 
Association.  Taken  as  a  whole,  the  results  are  very  satisfactory,  but  it 
is  thought  desirable  to  still  continue  the  observations  on  some  of  the 
older  cells  before  publishing  the  results  in  detail. 

Mr.  0.  A.  Hulett,  of  Michigan,  has  completed  a  chemical  research  on 
mercurous  sulphate,  which  throws  considerable  light  on  the  anomalies 
reported  to  the  Association  last  year.  Very  slight  changes  can  still, 
however,  be  traced  to  this  salt,  but  fortunately  they  are  of  no  commercial 
significance.  The  12^  per  cent,  amalgam  also  produces  slight  variations 
in  the  E.M.F.  of  the  cell  :  these  again  are  commercially  unimportant^  and 
a  manner  of  overcoming  them  in  cells  employed  at  a  standards  labora- 
tory is  indicated  in  this  paper.  The  latter  cells  are  set  up  with  an 
amalgam  Entirely  liquid  at  0°  C. 

At  this  stage  of  the  research  it  is  thought  desirable  to  describe  the 
methods  by  which  the  materials  of  the  cell  can  be  best  prepared  in  the 
light  of  present  information,  and  an  appeal  is  made  to  those  interested  in 
the  subject  to  set  up  one  or  more  cells  by  these  methods  and  submit  them 
for  comparison  with  the  standards  of  the  National  Physical  Laboratory. 
More  light  will  thus  be  thrown  on  the  slight  discrepancies  already 
referred  to,  and  the  degree  of  accuracy  with  which  the  cell  can  be  con- 
structed will  be  established.  In  this  way  it  is  hoped  to  specify  a  cell  for 
commercial  purposes  accurate  at  all  ordinary  English  working  temperatures 
to  1  part  in  2,000,  applying  no  temperature  correction,  or  to  1  part  in 
10,000  if  the  temperature  correction  be  applied. 

In  the  specification  which  follows  there  are  four  methods  of  preparing 
the  mercurous  sulphate.  The  first  of  these  is  due  to  Professor  H.  S. 
Carhart,  Mr.  G.  A.  Hulett.  and  Dr.  Wolfi",  jun. ;  the  main  features  of  the 
second  method  were  suggested  by  Mr.  Swinburne  to  Dr.  Glazebrook,  while 
the  third  and  fourth  methods  have  resulted  from  some  experiments  at 
the  National  Physical  Laboratory.  It  is  suggested  that  one  only  of  these 
methods  be  eventually  employed  ;  the  observations  on  submitted  cells 
will  largely  determine  the  choice.  / 
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Preparation  of  Materials  for  a  Standard  Cadmium  Cell, 

1.  Mercury, — The  commercial  mercury  should  be  squeezed  through 
wash-leather  and  passed  in  the  finely  divided  condition  in  which  it 
emerges,  first  through  dilute  nitric  acid  (1  to  6  of  water)  and  mercurous 
nitrate  solution,  and  afterwards  through  distilled  water,  both  liquids 
being  conveniently  contained  in  long  glass  tubes.  The  mercury  is  then 
to  be  twice  distilled  in  vaciio.  Mercury  suspected  of  abnormal  contami- 
nation  should  not  be  employed. 

2.  Amalgam.  Type  A. — This  is  a  12^  per  cent,  amalgam,  and  is 
intended  for  all  commercial  cells.  The  method  of  preparation  is  practi- 
cally identical  with  that  used  by  Professor  Carhart.  A  current  is  passed 
from  a  thick  rod  of  pure  commercial  cadmium  to  distilled  mercury,  the 
intervening  liquid  being  cadmium  sulphate  solution  rendered  slightly 
acid  with  a  few  drops  of  H2SO4.  The  kathode  is  weighed  before  deposi- 
tion takes  place,  and  again  afterwards,  the  percentage  of  cadmium  in  the 
amalgam  being  thus  calculable.  More  than  the  requisite  amount  should 
always  be  deposited,  and  the  percentage  reduced  to  12^  by  the  addition 
of  more  mercury.  The  fall  of  potential  from  anode  to  kathode  should  not 
exceed  0'3  volt.  To  prevent  the  anode  slime  having  access  to  the  kathode 
it  is  desirable  to  surround  the  anode  with  a  small  porous  pot,  as  in  the 
Richards  silver  voltameter,  or  to  place  a  small  crystallising  dish  beneath 
it  for  the  anode  powder  to  settle  in.  Contact  with  the  kathode  is  made 
with  a  platinum  wire  sealed  into  a  glass  tube  so  as  to  protect  it  from 
direct  contact  with  the  cadmium  sulphate  solution,  and  a  rough  estimate 
of  the  quantity  of  cadmium  deposited  is  obtained  from  the  readings  of  an 
ammeter  placed  in  the  circuit.  The  amalgam  so  prepared,  together  with 
the  mercury  added  to  reduce  the  percentage  of  cadmium  to  12^,  is  now 
heated  on  a  water-bath  and  stirred  so  as  to  ensure  homogeneity,  some 
cadmium  sulphate  solution  still  flooding  the  surface.  It  is  then  cooled 
and  the  acid  sulphate  removed,  neutral  cadmium  sulphate  solution 
taking  the  place  of  the  latter,  and  consisting  of  saturated  solution  plus  an 
equal  volume  of  distilled  water.  This  12^  per  cent,  amalgam  is  then 
r^Mly  for  use  and  is  entirely  liquid  at  a  temperature  approximating  to 
60°  C. 

Type  B. — This  amalgam  is  liquid  at  the  temperature  of  melting  ice, 
and  is  intended  for  cells  of  a  slightly  better  type  than  those  made  with 
the  12^  per  cent,  amalgam.  The  cells  may  be  used  at  a  higher  tempera- 
ture than  0°  C,  but  they  are  not  intended  to  be  so  used  as  their  tempera- 
ture coefficient  is  about  —0-043  per  cent,  per  rise  in  temperature  of  1°  C. 
The  cells  are  primarily  intended  for  standardising  laboratories,  and  their 
E.M.F.  at  0°  C.  is  equal  to  the  E.M.F.  of  the  cells  prepared  with  the  A 
amalgam  if  this  latter  E.M.F.  is  corrected  to  0°  G.  with  the  temperature 
coefficient  formula  of  the  cell.  This  is  equivalent  to  saying  that  if  an 
A  cell  was  in  a  steady  condition  at  0°  G.  and  nothing  abnormal  occurred 
its  E.M.F.  would  be  identical  with  that  of  a  B  cell  at  0^  G.  It  is  not  wise, 
however,  to  use  a  12^  per  cent,  amalgam  cell  at  low  temperatures ;  an 
8  per  cent,  amalgam  may  be  so  used,  but  its  upward  range  (with  a  small 
temperature  coefficient)  is  lower  than  that  of  the  12^  per  cent,  amalgam 
cell.  For  commercial  purposes  probably  the  12^  per  cent,  amalgam  will 
be  of  most  service. 

To  prepare  the  type  B  amalgam  take  some  of  that  previously  prepared 
and  add  sufficient  mercury  to  reduce  the  percentage  of   cadmium  to  3. 

H  23 
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The  amalgam  will  now  be  entirely  liquid  at  ordinary  working  tempera- 
tures. On  cooling,  a  crystalline  amalgam  separates  from  the  liquid,  and 
will  continue  to  do  so  as  the  temperature  is  lowered.  Cool  the  amalgam 
to  the  temperature  of  melting  ice  and  remove  the  mother  liquid  :  this  is 
the  amalgam  desired.  It  is  important  that  the  temperature  be  truly  that 
of  melting  ice,  and  that  no  solid  is  removed.  For  convenience  the  3  per 
cent,  amalgam  may  be  placed  in  a  tubular  vessel  well  surrounded  with  ice 
shavings  ;  a  long  very  fine  capillary  tube  reaches  to  the  base  of  this 
vessel,  and  through  it  the  liquid  at  0°  C.  is  removed  by  suction.  Some 
solid  must  be  left  behind,  or  otherwise  there  is  no  certainty  of  saturation. 
Throughout  all  the  operations  neutral  cadmium  sulphate  solution  must 
cover  the  surface  of  the  amalgam  and  wet  all  vessels,  tubes,  &c.,  through 
which  the  amalgam  passes.  Otherwise  the  amalgam  will  leave  a  ^  tail ' 
and  its  composition  may  possibly  be  thereby  changed. 

3.  Cadmium  Sulphate  Crystals  and  Solution. — Procure  conmiercially 
pure  cadmium  sulphate  CdS048/3H20.  Dissolve  in  about  IJ  time  its 
weight  of  distilled  water,  agitating  either  continuously  for  about  six  hours 
or  occasionally  for  two  or  three  days.  Filter  through  a  fine-grained  filter 
paper  so  as  to  ensure  a  clear  solution,  which  should  then  be  placed  in  a 
number  of  crystallising  dishes  and  evaporation  allowed  to  take  place 
slowly  at  a  temperature  not  exceeding  35°  C,  when,  provided  that  dust  be 
excluded,  many  transparent  crystals  of  CdSO^S/SHgO  will  result.  These 
should  be  prevented  as  much  as  possible  from  adhering  to  one  another  by 
removing  the  liquid  to  other  dishes  as  soon  as  the  crystals  are  of  such  a 
size  that  most  of  them  are  in  contact.  In  this  way  about  five-sixths  of 
the  liquid  may  be  evaporated,  the  mother  liquid  being  employed  for  a  pre- 
liminary washing  of  the  mercurous  sulphate,  the  manufacture  of  which  is 
afterwards  described.  The  crystals  of  cadmium  sulphate  so  obtained 
should  be  washed  with  successive  small  quantities  of  distilled  water  until 
after  standing  for  five  minutes  no  trace  of  acidity  can  be  detected  with 
Congo  red.  The  crystals,  still  moist,  may  then  be  transferred  to  a  stock 
bottle.  To  prepare  the  final  solution  agitation  with  distilled  water  is 
recommended  as  before,  the  temperature  being  preferably  6°  or  10°  higher 
than  the  normal  temperature,  so  as  to  ensure  saturation.  On  no  account 
should  cadmium  hydroxide  be  employed  to  neutralise  the  first  solution, 
which  is  invariably  acid ;  nor  indeed  should  any  attempt  be  made  to 
neutralise  the  solution  except  by  crystallisation. 

4.  Mercurous  Sulphate. — The  preparation  in  each  case  is  to  be  con- 
ducted in  a  darkened  room. 

(a)  Electrolytic  Method. — Pure  distilled  mercury  forms  the  anode  and 
platinum  foil  the  kathode,  the  electrolyte  being  dilute  sulphuric  acid 
(1  part  by  volume  of  concentrated  acid  to  5  parts  of  distilled  water).  The 
mercury  is  preferably  placed  in  the  base  of  a  large  flat-bottomed  beaker 
and  about  twenty  times  its  volume  of  the  dilute  acid  added.  Contact  with 
the  mercury  is  effected  by  means  of  a  platinum  wire  passing  through  a 
glass  tube,  while  the  kathode  is  suspended  in  the  upper  portion  of  the 
liquid.  During  the  electrolysis  the  electrolyte  must  be  continually  stirred, 
an  L-shaped  glass  stirrer  being  most  efficient,  the  L  portion  being  placed 
near  the  surface  of  the  mercury.  A  current  density  of  about  O'Ol  ampere 
may  be  employed.     The  salt  so  prepared  is  treated  as  per  note  A. 

(6)  Precipitation  method,  mercurous  nitrate  and  sulphuric  acid  being 
employed. 

Add  strong  nitric  acid  to  a  little  pure  mercury  contained  in  a  crystal- 
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lising  dish  and  place  in  a  draught  chamber  until  the  action  i^  over.  If 
any  mercury  remains  add  more  acid  and  continue  to  do  so  until  the 
mercury  has  completely  disappeared  and  a  strongly  acid  solution  assured. 
Prepare  dilute  HaS04  (1  to  4  by  volume),  allow  to  cool,  and  then  add  the 
acid  nitrate  solution  drop  by  drop,  keeping  the  mixture  violently  agitat/ed. 
Mercurous  sulphate  is  precipitated,  which  should  be  filtered  and  treated 
as  per  note  a.  No  more  nitrate  solution  must  be  added  to  the  dilute 
HjSO^  than  will  suffice  to  neutralise  30  per  cent,  of  the  H2SO4  present.  The 
maximum  amount  it  is  permissible  to  add  may  be  estimated  by  taking  a 
small  portion  of  the  dilute  H2SO4  and  adding  the  nitrate  solution  until 
no  further  precipitation  results.  The  proportion  of  nitrate  solution  to 
dilute  H2SO4  in  such  circumstances  must  be  reduced  to  one- third  its 
value  for  the  preparation  of  mercurous  sulphate  by  method  6. 

(c)  Precipitation  method,  strong  and  dilute  sulphuric  acid  being  em- 
ployed. 

Purchased  mercurous  sulphate  is  warmed  with  pure  strong  H2SO4  and 
a  little  mercury  to  a  temperature  of  about  150°  C.  for  about  ten  minutes, 
the  operation  being  conducted  in  an  evaporating  dish  covered  with  a  clock 
glass  and  the  mixture  kept  well  stirred.  The  suspended  matter  is  then 
allowed  to  settle,  the  hot  liquid  cooling  sufficiently  meanwhile  for  the 
vessel  to  be  handled  with  comfort.  The  clear  acid  is  then  poured  into 
dilute  H2SO4  (1  to  6),  when  crystalline  mercurous  sulphate  separates  out. 
About  ten  times  the  bulk  of  dilute  acid  should  be  employed,  and  to  avoid 
spitting  the  hot  liquid  should  be  poured  through  a  funnel,  having  its  stem 
immersed  in  the  dilute  acid.  The  mixture  is  well  stirred,  cooled,  and 
filtered,  and  the  salt  treated  as  per  note  a.  As  the  operation  yields  but  a 
small  quantity  of  the  salt,  it  is  advisable  to  repeat  several  times. 

(d)  By  means  of  Nordhausen  sulphuric  acid. 

Place  distilled  mercury  in  the.  bottom  of  a  beaker  or  bottle  to  the 
depth  of  about  3  mm.  Add  about  four  times  its  volume  of  Nordhausen 
sulphuric  acid  and  stir  well,  keeping  the  mouth  of  the  bottle  closed  as 
much  as  possible,  as  the  acid  fumes  are  very  unpleasant.  Mercurous 
sulphate  is  formed  in  the  cold  and  appears  in  the  crystalline  form  after 
a  few  minutes.  Allow  the  operation  to  continue  until  the  acid  strength 
has  been  considerably  diminished  ;  warm  the  product  to  expel  SOj  and 
add  to  dilute  H2SO4  (1  to  6).  Considerable  spitting  always  occurs,  so 
that  caution  is  necessary.     Proceed  with  the  product  as  per  note  a. 

Note  A. — The  mercurous  sulphate  obtained  by  the  foregoing  methods 
is  first  agitated  with  dilute  H2SO4  (1  to  6)  and  distilled  mercury.  It  is 
then  filtered  (a  small  Gooch  crucible  and  filter  flask  are  convenient),  and 
the  greater  part  of  the  mercury  removed  as  it  interferes  with  the  filtering. 
The  salt  is  next  washed  with  small  quantities  of  saturated  cadmium 
sulphate  solution  until  free  from  acid.  For  the  first  few  washings  some 
of  the  first  acid  solution  may  be  employed,  but  the  final  washings  must 
be  made  with  a  little  of  the  neutral  solution.  Trouble  is  often  experienced 
in  ridding  the  salt  prepared  with  Nordhausen  sulphuric  acid  from  all 
trace  of  acidity,  and  it  is  preferable  to  wash  five  or  six  times  with  the 
cadmium  sulphate  solution,  and  then  place  in  a  bottle  together  with  a 
little  of  the  solution,  shaking  from  time  to  time  and  filtering  again  in  a 
few  days.  The  acidity  of  the  washing  liquid  should  be  tested  with  congo 
red.  Instead  of  washing  with  cadmium  sulphate  solution,  sulphuric 
ether  (water  free)  may  be  employed.  ^.^.^.^^^  ^^ GoOgk 
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Tlie  Mercurous  Sulpluite  PcLsie, — Some  cadmium  sulphate  crystals  are 
ground  in  an  agate  mortar  with  a  little  cadmium  sulphate  solution ;  about 
one-quarter  their  bulk  of  pure  mercury  is  then  added  and  two  volumes 
of  the  acid-free  mercurous  sulphate,  the  whole  being  well  mixed  with 
cadmium  sulphate  solution  so  as  to  form  a  thin  paste. 

The  Form  of  Cell. — The  H  form  of  cell  due  to  Lord  Rayleigh  is  the 
most  convenient,  and  is  in  general  use.  Two  patterns  have  been  adopted. 
In  fig.  1  a  form  is  shown  in  which  the  electrodes  are  sealed  into  the  lower 
ends  of  the  two  vertical  limbs,  while  in  the  form  shown  in  fig.  2  the 
electrodes  pass  through  glass  tubes  into  thje  lower  ends  of  which  they 
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M  =  Mercury. 

A.  —  Amalgam. 

P   =  Paste. 

O   =  OBdmiam  sulphate  cryetnls. 


S  =  Saturated  solution  of  cadmium  sulphate. 

K  -  Cork. 

G  =  Marine  glue. 


are  sealed.  Form  1  can  be  hermetically  sealed,  and  is  intended  to  be 
immersed  in  an  insulating  liquid.  Form  2  is  sealed  with  marine  glue, 
and  may  be  immersed  in  ice  or  water.  The  hermetical  sealing  of  form  1 
was  suggested  by  Lord  Rayleigh  ^  and  by  Professor  Carhart.^  The  glass 
tubes  through  which  the  electrodes  are  introduced  in  form  2  pass  through 
corks  which  have  been  previously  boiled  in  water  and  soaked  in  cadmium 
sulphate  solution  ;  in  addition  to  the  hole  allowing  of  the  passage  of  the 
electrodes,  a  second  hole  is  bored  through  these  corks  for  the  passage  of 
small  glass  pipettes.     After  the  cell   is  filled  these  additional  holes  are 


Phil  7Vfl«*.,  176,  §  42,  1886. 


*  St.  Louis  Congress,  1904p 
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fitted  with  small  corks,  etnd  the  cell  is  finally  sealed  with  marine  glue. 
The  position  of  the  various  parts  is  shown  in  the  figure.  (Both  forms 
of  glass  vessels  are  stocked  by  Mr.  A.  C.  Gossor,  of  54  Farringdon 
Road,  KG.) 

In  filling  the  vessels  it  is  convenient  to  use  small  pipettes  made  of 
two  glass  tubes,  the  one  about  3  inches  long  and  ^  inch  in  diameter,  and 
the  other  about  2  inches  long  and  ^  inch  in  diameter.  If  the  larger  tube 
has  one  end  drawn  out  in  the  form  of  a  cone,  a  junction  is  easily  made. 
The  amalgam  of  type  A  is  melted  over  a  water-bath  (its  surface  being 
flooded  with  dilute  cadmium-sulphate  solution),  and  is  introduced  by 
means  of  a  previously  warmed  pipette  into  one. of  the  limbs.  After  the 
amalgam  has  solidified  this  limb  should  be  washed  out  with  a  little  fresh 
cadmium-sulphate  solution.  If  the  amalgam  of  type  B  is  used  liiis  wash- 
ing is  minecessary.  The  mercury  is  next  introduced  into  the  other  limb, 
then  the  paste,  using  if  necessary  a  tiny  glass  rod  as  a  piston  through  the 
pipette,  and  afterwards  a  thick  layer  of  finely  pounded  crystals  is  intro- 
duced into  each  limb.  Saturated  cadmium -sulphate  solution  is  finally 
added.  The  cells  are  then  to  be  exposed  in  a  warm  room  for  a  week  or 
more  to  allow  some  of  the  liquid  to  evaporate,  and  so  loosely  cement 
together  the  fine  crystals.  This  crystalline  plug  keeps  the  contents  in 
their  proper  places,  and  enables  the  cell  to  be  transmitted  through  the 
post.  The  sealing  of  the  cells  is  next  completed,  care  being  taken  not  to 
abnormally  heat  the  contents. 

Cells  which  are  submitted  for  comparison  with  the  standards  of  the 
National  Physical  Laboratory  should  be  accompanied  with  the  following 
particulars  : — 

1.  Maker*8  name  and  address. 

2.  Name  *  of  the  firms  from  whom  the  chemicals  osed  in  the  manafactare  of  the 
materials  were  purchased 

3.  Number  of  the  method  employed  in  the  manufacture  of  the  mercuroiis 
sulphate. 

4.  Type  of  cadmium  amalgam  used. 

6.  Notes  on  any  peculiarities  observed  in  the  preparations. 


The  Transformaiion  of  Aromatic  Nitroamines  and  Allied  Subsiancen^ 
and  itft  BsUdion  to  Svhstitution  in  Benzene  Derivatives. — Report  of 
the  Committeey  consisting  of  Professor  P.  S.  Kipping  {Ohairman)^ 
Professor  K.  J.  P.  Orton  (Secretary)^  Dr.  S.  Ruhemann,  Dr.  A. 
LapwortHj  and  Dr.  J.  T.  HEWirr. 

I.  Nitroamines, 

Thb  nitroamines  of  the  benzene  series,  which  were  discovered  by  6am- 
bei^er  (1893),  exhibit  in  a  very  marked  degree  a  property  frequently 
found  in  analogous  derivatives  of  anilines — namely,  of  changing  into  an 
XBomeride  in  which  the  group,  the  nitro  group,  (!&c.,  originallj  linked  to  the 
nitrogen  atom,  has  become  attached  to  the  ortho  or  para  carbon  atom  of 
the  nucleus. 

The  mechanism  of  this  has  in  the  case  of  the  nitroamines  been  but 

>  This  information  is  only  required  so  that  the  number  of  different  sources  of  the 
materials  can  be  estimated.         '  iOqIc 
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little  studied.  It  was  thought  that  some  light  might  be  thrown  on  thft 
mechanism  of  the  change  by  studying  the  behaviour  of  s-trisubstituted 
nitroamines  in  which  it  is  impossible  for  the  nitro  group  to  wander  to  the 
ortho  or  para  position  without  displacing  the  atom  or  group  already 
attached  at  that  point  to  the  nucleus.  Such  s-trisubstitut^  nitroamines 
can  now  be  easily  prepared,^  and  those  in  which  chlorine  or  bromine 
occupy  the  2:4:6  positions  were  selected  for  investigation. 

It  was  ascertained  that  when  subjected  to  conditions  (treatment  with 
sulphuric  acid  in  acetic  acid  solution)  which  lead  to  the  isomeric  change  of 
unsubstituted  nitroamines : — 

(i)  A  series  of  colour  changes  occur  indistinguishable  from  those  given 

he  unsubstituted  nitroamines  whilst  they  are  undergoing  the  isomeric 
change  ; 

(ii)  Bromine,  in  the  para  position,  is  partially  replaced  by  the  nitro 
group,  a  substituted  p-nitroaniline  being  formed ; 

(iii)  If  chlorine  occupied  the  para  position,  no  replacement  occurs, 
but  the  final  product  is  a  quinone  derivative.  In  the  case  of  s-trichloro- 
aniline,  hexachlorophenyliminoquinone  is  produced  ;  and 

(iv)  The  nitro  group  never  passes  into  the  meta  position.^ 

II.  The  Exchcmge  of  Halogen  for  Hydroxyl  in  Benzenediazonium 

Hydroxides, 

The  conversion  of  s-trihalogenbenzenediazo-compounds,  s-trichloro- 
and  s-tribromo-diazobenzene,  into  the  corresponding  dihalogen-o-quinone- 
diazides  may  be  regarded,  at  least  in  one  of  its  stages,  as  an  isomeric 
change  ;  the  ionic  hydroxyl  (OH)'  of  the  diazonium  hydroxide  takes  the 
place  of  the  bromine  in  the  ortho  or  para  position,  but  not  in  the  meta 
position,  the  bromine  becoming  ionic,  Br*.^ 

The  transformation  of  s-tribromodiazobenzene  has  been  more  fully 
studied,  in  order  to  ascertain  whether  any  appreciable  quantity  of  nitroso* 
amine,  CgH2Br3.NH.NO,  was  also  formed  simultaneously  from  the  diazo- 
hydroxide.  It  was  ascertained  that  the  replacement  of  halogen  by 
hydroxyl  was  always  the  main  reaction,  and  depended  little  on  tempera- 
ture, between  the  freezing>point  and  15^.  The  nitrosoamine,  if  formed,  is 
present  in  such  small  amount  as  not  to  be  capable  of  certain  recognition 
by  means  of  the  /3-naphthol  derivative.^ 

III.  Injhience  of  Light  on  Diazo-Beactions, 

A  very  interesting  action  of  light  on  solutions  of  diazonium  salts, 
which  hitherto  appears  to  have  escaped  notice,  has  been  observed.*  The 
aqueous,  alcoholic  (methyl  or  ethyl),  or  acetic  acid  solutions  of  diazonium 
salts  are  sensitive  to  light.  On  exposure  nitrogen  is  evolved,  the  acid 
radical  appe-ars  as  free  acid,  and  the  phenol,  its  methyl  or  ether,  or  its 
acetate,  according  to  the  nature  of  the  solvent,  is  formed.   Many  diazonium 

»  Orton,  Trant.  Chtm,  80c.,  81,  806. 
«  Trans.  Chevu  Soc,  87,  389. 

•  Proc,  Roy.  Soc,  71,  153  ;  Trans,  Chem.  800,,  88,  796. 

•  Tram.  Chem.  80c.,  87,  99. 

•  Proc.  Chem.  8oe.,  1906,  21,  168.  ^        , , 
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salts — as,  for  example,  those  of  s-tribromodiazobenzene — which  do  not 
yield  the  corresponding  phenol  (or  its  derivatives)  on  heating,  decompose 
nearly  quantitatively  in  this  manner  under  the  influence  of  light. 


Wave4ength  Tables  of  the  Spectra  of  the  Elements  and  Compounds, — 
Report  of  the  Committee^  consisting  of  Sir  H.  E.  KoscoE  (Chair- 
man), Dr.  Marshall  Watts  (Secretary),  Sir  Norman  Lockyer, 
Professor  Sir  James  Dewar,  Professor  G.  D.  Liveing,  Professor  A. 
Schuster,  Professor  W.  N.  Hartley,  Professor  Wolcott  Gibbs, 
Sir  W.  de  W.  Abney,  and  Dr.  W.  E.  Adeney. 

Neon. 
Baly,  •  Phil.  Trans/    (A)  ccii.  p.  183, 1903. 
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66-66 

10 

6266 

1-70 

53-5 

69-06 

1 

., 

«     1              72-6 

47D0 

1 

?  6244 

9y 

4-4   '         16003-3 

17-60 

8 

6217 

1-69 

f,     i               79-2 

14-13 

2 

ft 

„      '               880 

06-01 

1 

>t 

161090 

6199-34 

1 

ff 

26-3 

89-.30 

1 

1-68 

52-6 

82-37 

10 

6183 

»» 

»     1               70-6 

t              79-90 

1 

» 

77-1 

7516 

2 

6176 

t> 

89-8 

7302 

1 

» 

96-1 

66-81 

1 

rt 

16211-4 

63-79 

10 

6163 

>» 

19-4 

6712 

1 

>» 

370 

60-49 

1 

1-67 

64-6 

43-28 

10 

6144 

»» 

M     1               73-6 

i              28-63 

8 

6128 

ff 

„              16302-6 

,              18-22 

2 

tf 

,.     1              40-2 

6096-37 

10 

6097 

1-66 

>» 

98-7 

74-62 

10 

6076 

1-66  1    4-5 

16467-7       . 

itizedbylJCaOQU 

64*36 

1 

»» 

M  Die 
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Reduction  to 

Wave-length 

Intensity 
and 

Liveing'and  Dewar 

Vacnom 

Oscillation 
Frequency 

Character 

X  + 

I 

in  Vacuo 

60i6-06 

1-65 

4-6 

16535-2 

43-24 

tt 

42-9 

32-32 
30-20 

10/ 

6031                    1 

1-64,     „ 

ft          1*         ff 

72-9 

78-7 

2603 

»          1          »t 

90-2 

24*40 

.   1 

*>                 >y 

94-7 

01-00 

6001 

1-63        „ 

16659-4 

5991-72 

5991 

ft          >» 

85-2 

8800 

5987 

95-6 

84-94 

»                         99 

16704-1 

76-78 
74-73 

SI 

5976 

99                      9» 

29-7 
32-7 

65-50 

5964 

1-62        „ 

58-6 

61-64 

*,      I    4-6 

69-3 

49-51 

*>           » 

16803-5 

44-91 

10 

5945 

26-6 

39-44 

tt           tt 

32-0 

19-08 

5919 

1-61 

89-9 

13-82 

5914 

16904-9 

06-54 

5906 

26-8 

02-57 

" 

37-2 

588204 

5882 

1-60  .     " 

96-3 

73-04 

99                    •• 

17022-3 

♦    52-65 

20 

5852-7 

1-59 

81-7 

20-29 

5820 

17176-7 

04-57 

5804 

1-68 

4-7 

17223-1 

5764-54 
64-20 

l} 

5763                    j 

1-57 

99 

42-7 
43-8 

60-72 

64-2 

48-44 

5747 

t» 

ft 

91-3 

19-42 

5718 

1-56 

4-8 

17479-4 

5689-96 

5689 

1-66 

ft 

17570-0 

62-76 

5662 

1-54 

If 

17654-4 

56-80 

* 

5656 

tt 

73-0 

52-67 

tt 

85-9 

5562-96 

2 

5561 

1-62 

4-9 

17971-1 

5433-86 

* 

5432 

1-48 

tt 

18398-2 

00-77 
00-50 

4| 

5400  (a  pair)       | 

1-47 

61 

18510-8 
11-7 

5343-41 
41-25 

11 

5341  (a  pair)       j 

1-46 

99 

99 
99 

18689-5 
18717-1 

82-33 

A 

5330 

1-44 

48-4 

5278-50 

1 

f- 

5-2 

18899-6 

71-50 

^ 

18964-7 

18-30 

1-43 

ft 

68-1 

0412 

5204 

1-42 

5-3 

19210-2 

5188-79 

1 

5188 

67-0 

45-15 

5146 

1-41 

tt 

19434-5 

16-72 

5116 

1-40 

6-4 

19538-3 

5880-54 

1 

5080 

1-39 

^^ 

19677-6 

37-95 

603S  (strong  line) 

1-38 

99 

19843-9 

4837-54 

4838 

1-32 

5-7 

206660 

06-24 

■m 
i 

99 

99 

20800-6 

- 

* 

Extraordinarily  brUL 

tant.     ^ 

Digitized  b 
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Reduction  to 

Wave-length 

Intensity 

and 
Character 

Liveing  and  Dewar 

Vacanm 

Oscillation 

X  + 

1_ 

A 

Frequency 
in  Vacuo 

4789-07 

1 

4791 

1-31 

r,-7 

20875-3 

62-88 

1 

4754 

1-30 

5-8 

21034-4 

15-49 

4 

4715 

1-29 

21200-9 

13-51 

2 

t> 

/, 

09-8 

12-23 

2 

tf 

15-6 

10-21 

2 

ft 

24-7 

0900 

4 

4710 

30-1 

04-56 

4 

4704 

5-9 

61-2 

4540-48 

1 

4540 

1-24 

22018-8 

37-39 

1 

4538 

»f 

6-1 

33-0 

10-86 

1 

f9 

22162-2 

4459-68 

1 

4460 

1-22 

6-2 

22416-9 

3114 

1 

4431 

„ 

6-3 

22561-3 

30-33 

1 

4429 

1-21 

^^ 

65-6 

2615 

2 

>y 

ft 

87-7 

25-57 

1 

90-7 

24-98 

2 

4424 

„ 

93-7 

22-69 

2 

4422 

9» 

22604-4 

14-44 

1 

4413 

46-6 

4259-53 

6 

4258 

1-17 

6-5 

23470-3 

01-03 

4 

1-15 

6-6 

23797-1 

4198-71 

4 

4198 

»> 

99 

23810-2 

91-44 

2 

»> 

51-5 

90-86 
8200 

2 
2 

yy 

»» 

y» 

64-8 
23906-4 

58-68 
3899-21 

4 

1 

3900 

114 
1-08 

7-3 

39-5 
25638-9 

86-26 

1 

1-07 

y» 

25724-4 

79-49 

1 

69*3 

3754-31 

2 

3754 

1-04 

7-5 

26628-5 

01-30  . 

6 

3701 

103 

7-6 

i         27009-9 

3685-84 

4 

3686 

102 

23-2 

82-33 

4 

3683 

>y 

7-7 

490 

33-78 

« 

3634 

101 

7-8 

27511-7 

09-27 

2 

3609 

100 

27698-6 

06-61 

1 

99 

yy 

27719-0 

00-24 

4 

3600 

„ 

68-1 

3593-67 

10 

3593 

99 

7-9 

27818-8 

88-60 
87-52 
87-24 

i, 

3587-5  (a  pair)    | 

99 
» 

58-1 
66-5 
68-7 

86-62 

1 

\] 

yy 

73-6 

67-73 

1 

0-99 

280211 

54-39 

1 

f> 

yf 

26-4 

32-30 

1 

0-98 

8-0 

28301-9 

29-95 

1 

99 

21-0 

22-92 

1 

^^ 

77-5 

20-57 

8 

3521 

ff 

96-5 

16-30 

6 

3515 

»f 

yy 

284391 

10-87 

2 

3510 

»9 

750 

01-34 

6 

3500 

8-1 

28552-4 

349819 

6 

3498 

0-97 

781 

81-94 

1 

3481 

28711-6 

72-70 

8 

3473 

,^ 

87-9 

06-72 

0 

3467 

,, 

J, 

28«37-G     T 
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Wave-length 


34G4-48 
60-67 
64-30 
60-87 
47-83 
38-66 
2406 
1805 

3375-72 
7001 

3148-76 
26-33 

3092-84 
80-05 
7708 
67-50 


0-89 
0-88 
0-87 


0-86 


Redaction  to 

Vaonom 

Oscillation 
Frequency 

1 

in  Vacuo 

X  + 

A 

0-97  1    8-2 

28856-2 

»t     1     »> 

88-0 

0-96  !     „ 

28941-2 

f>     1     >t 

70-3 

»f     1     >» 

75-5 

>f     !     »» 

29072-9 

>»     1     8-3 

96-8 

»»           »» 

2924S-2 

0-94 

8-4 

29514-9 

8-5 

8-9 


296650 
317601 
31977-5 
32323-8 
324571 
88-4 
32696-6 


First  Krypton  Spectrum,  without  Letden  Jar  and  Spark  Gap. 
^*«  The  figures  in  parentheses  indicate  the  intensities. 


I  ilntenaity,  Livelng  and 

Wave-length  i^^and^^    !>-« 


Runge 


6456-66 

6421-32 

6236-61 

6223  00 

0083-08 

75-50 

66-32 

12-34 

6994-02 

6880-06 

♦  7112 

66-94 

32-94 

27-28 

6756-96 

18-59 

01-06 

6695-58 

60-37 

49-85 

♦6680-64 

t*  70-50 

i*    62-45 


10 


10 
6 


!  6468  (1) 

6420  (4)  I 

I  6082  (1) 

'  6056  (2)  I 

I  6011  (2)  ' 

'  6992  (3)  I 

I  6871  (10)  I  6871-071  (8) 


6571     (10) 
6563    (3) 


i     5570-417    (8) 
,     5562-363 


Reduction  to 
Vacuum 


Oscillation 

A  + 

1 
X 

4-2 

Frequency 
in  Vacuo 

1-76 

16483-7 

1-76 

>» 

15568-9 

1-70 

4-3 

160300 

1-69 

»» 

39-3 

1-66 

4-5 

16434-6 

1-65 

M 

54-0 

»» 

»» 

16507-2 

1-64 

»» 

16628-0 

1-63 

»» 

78-8 

1-60 

4-6 

17002-1 

t» 

»» 

27-9 

99 

tf 

40*1 

1-59 

4-7 

17139-3 

tt 

»> 

56-0 

1-57 

ft 

17365-6 

1-56 

4-8 

17482-0 

1-65 

ft 

17536-8 

»» 

>» 

52-7 

1-54 

>» 

17661-9 

»» 

>i 

94-8 

1-52 

4-9 

17914-2 

46-8 
72-8 

♦  Visible  in  the  second  Krypton  spectrum, 
t  Probably  the  green  aurora  line. 

Digitized  by 
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First  Kbypton  SPBCTKUU—eantinued, 


Beduction  to 

Intensity 

and 
Character 

Liveing  and 
Dewar 

Bunge 

Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Waye-Ieiigth 

1 
X  + 

1_ 
X 

•5520-74 

1 

1-51 

4-9 

18108-6 

19-61 

4 

If 

tt 

12-3 

00-90 

I 

1-50 

5-0 

73-8 

5498-24 

3 

tt 

tt 

82-6 

9111 

1 

»» 

»» 

18206-3 

5476-49 

2 

1-49 

»» 

58-2 

23-44 

1 

?5424 

(I) 

1-48 

18433-5 

4829-90 

3 

1-32 

5-7 

20698-7 

07-22 

4 

»> 

tf 

20796-3 

4792-80 

1 

1-31 

t» 

20858-9 

34-32 

4 

1-30 

5-8 

21116-6 

4697-17 

4 

1-29 

6-9 

21283-6 

9112 

2 

1-28 

tf 

21311-0 

71-40 

10 

4671-42 

(2) 

)t 

tt 

21401-9 

24-48 

10 

4624-46 

(1) 

1-27 

6-0 

21618-0 

12-07 

1 

1-26 

ft 

76-2 

4582-90 

4 

4583 

w 

,, 

21814-2 

24-82 

4 

1-24 

6-1 

22094-2 

•    02-56 

9 

7  4505 

(2) 

4502-43 

(4) 

1-23 

ft 

22203-5 

01*13 

7 

ff 

?• 

10-5 

♦4463-88 

10 

4464 

(3) 

4463-82 

(6) 

1-22 

6-2 

22395-8 

♦    5412 

10 

4454 

(1) 

4464-07 

W 

»» 

,, 

22438-9 

25-32 

1 

1-21 

6-3 

22590-9 

18-89 

1 

ft 

tf 

22623-8 

10-49 

1 

if 

»» 

66-9 

0011 

6 

4400 

(1) 

4400-05 

(1) 

tt 

22720-4 

4385-87 

1 

1-20 

ft 

94-1 

84-01 

1 

»» 

tt 

22803-9 

♦     76-33 

10 

4376 

(3) 

4376-24 

(3J 

>» 

ft 

43-9 

64-58 

1 

ft 

6-4 

22905-3 

♦    ^2-83 

9 

4363 

(2) 

4362-76 

(2) 

»» 

>» 

14-5 

1           58-43 

1 

»f 

ft 

37-6 

♦    55-67 

1 

4356 

(12) 

4355-62 

(6) 

119 

ft 

62-2 

51-48 

3 

tt 

ft 

74-3 

•      ♦     19-76 

10 

4320 

(8) 

4319-760  (4) 

»» 

tt 

23143-2 

1     ♦     18-74 

8 

4319 

(3) 

4318-70 

(2) 

1-18 

„ 

48-5 

♦    00-67 

1 

4301 

(7) 

ft 

6-5 

23245-7 

42S6-64 

1 

tt 

tt 

23321-8 

♦    83-17 

4 

4283 

(3) 

t« 

tt 

40-7 

74-15 

10 

4274 

(4) 

4274-09 

(4) 

117 

„ 

90-0 

1       4046-60 

1 

Ml 

70 

24705-1 

3800-71 

2 

1-05 

7-4 

26303-5 

3797-05 

1 

t» 

»f 

28-8 

73-59 

3 

1-04 

ft 

26492-6 

3679-58 

4 

102 

7-7 

27169-3 

♦    68-74 

2 

tt 

f» 

27249-6 

65-43 

,      3 

t« 

tt 

74-2 

60^1 

<      2 

1-01 

ft 

27388-0 

15-57 

1      2 

»» 

7-8 

27660-4 

3522-79 

1      1 

0-98 

8-0 

28378-6 

0269 

1      2 

* 

Vlflibk] 

in  the  864 

tt 

81 

28641-4 

sond  Krypton  spec 

tnim. 

D 

gitized  by 

GooqI 
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Second  Krypton  Spectrum,  with  Leyden  Jar  and  Spark  Gap. 
«*^  The  figures  in  parentheses  indicate  the  intensities. 


Wave-length  I 


Intensity 

and 
Character 


Liveing  and 
Dewar 


t687112 

6771-60 

5319 

6090-56 

82-16 

74-70 

72iM 

50-56 

49*76 

3817 

5697-47 

t    80-64 

t    70-60 

68-84 

tt    62-46 

63-15 


23-75 
2313 

t    20-74 


6499*73 


68-31 
46*61 

38-84 

18*65 

5333-56 
2316 
17-56 
08-84 

5276-69 
29-67 
24-72 
17-59 

5l 

008*50 

49V36 

♦5580*el7 

t*    70-583 

i*     02-4. 


1 
1 
1 
3 
6 
1 
1 

1} 

6 
1 
1 
3 
2 
2 
In 


I] 

1 


2n 
2 

1 

1 

2 

1 
1 
I 

1 
1 
1 

1 


8871 
6771 
6763 
6600 
6682 

(10) 

(2) 

(2) 

(6) 

(6) 

6660 

(IJ 

6632 

(2) 

5571     (10) 

6563  (3) 
5563  (1) 
5544  (not 
a) 


6523  (2) 

5506  (not 

seen) 

5500  (2) 

5483  (not 

a) 


6446 
5429 


16424 
6403  (not 
) 


6319  (1) 

I  5306  (not 

!   seen) 

5278  (1) 

5229  (1) 

6218  (1) 

6216  (not 

a) 

(6) 

(1) 

5186  (1) 

5172  (not 

I   seen) 

"*6  (5) 
♦  Visible .  ^^ 
t  Probably 
t  Cf.  Xenon, 


Range 


Reduction  to 
Vacuum 


5670-417 
6662-363 


1-60 

1-67 

t» 

1-65 


1-54 


1-53 
1-52 


1-51 


(2J 
(not 

) 


6208-67    (1) 


6208*67 


1_ 

4-6 
4-7 
»» 
4-8 


4-9 


1-46 
1-45 


51 


1-50       50 

1-49        „ 
t» 
1-48 

"     I 


>t 

»   1 

t» 

>» 

1*44 
1*43 

5-2 

»» 

»> 

t» 

*9 

1-42 

5-3  [ 

»» 

»* 

1-41 

» 

Oscillation 
Frequency  j 
in  Vacuo 


17027-9 

17321-5 

770 

17568*2 

94-2 

17617-3 

22-6 

92-6 

961 

17747-2 

17860-3 

17914-2 

46-8 

52-2 

72-8 

18002-9 


991 

18100-8 

08-6 


77-7 


82-2 
18365-4 

81*3 
18450*1 


187441 
80-8 
i    18800-6 
31-4 

18946-2 

19116-5 

34«3 

60*7 


941 
19224-1 

73*0 
19343-3 

48-5 


t  Cf.  Xanon  IL  6562-46  (2).^ 

*      '        Digitized  by  ^- _     __     -  _  iC 


ON  WAVE-LENGTH  TABLES  OF  THE  SPECTRA  OF  THE  ELEMENTS.      Ill 
Sbcond  Krypton  Spectrum— ^(m^n«^. 


1         1 

Reduction  to 

Intengiiy 

Liveing  and 

Vacuum 

Oscillation 

Wave-length 

and 
Character 

Dewar 

Range 

X  + 

Frequency 
in  Vacuo 

}6143*25 

1 

6143    (4)                                            1-41 

5-3 

19437-7 

25-88 

2 

6126    (6)                                           1-40 

19607-4 

23-36 

13-2 

5086-67 

6087    (3)                                           1*39 

5-4 

19663-8 

77-37 

6078    (1) 

89-8 

72-71 

6073    (2) 

" 

19707-9 

66-74 

361 

64-61 

6057  (not                                         1-38 
Been) 

»t 

78-6 

46-51 

19810-3 

33-95 

6034  (1)                     ;; 

69-7 

28-48 

1 

6-5 

81-2 

22-57 

6023    (4) 

,    1-37 

19904-6 

2201 

1 

1 

06-8 

16-68 

28-4 

13-42 

6014    (2) 

41-0 

09-49 

56-6 

4982-95 

1-36 

20062-9 

79-00 

4980    (1) 

78-8 

60-44 

4960    (1)                                      ;     ., 

»t 

20164-0 

48-67 

1-36 

97-9 

46-76 

4946    (1) 

20213-9 

33-32 

5-6 

64-7 

16-11 

4903  (not 
seen) 

1-34 

»» 

20336-7 

4889-16 

•• 

9f 

20447-8 

70-23 

1                               ,    1-33 

20627-3 

t    67-36 

.                               1 

6-7 

81-6 

46-76 

4n 

4847    (2) 

ft 

»t 

20626-6 

45-79 

4845    (2)        ' 

ff 

30-8 

36-76 

!                               '    1-32 

ft 

69-3 

33-89 

!                    1    .. 

81-6 

32i» 

4n 

4833    (5) 

4832-22    (2)       j     „ 

\l 

88-6 

26-21 

1          ff 

»» 

20714-5 

25-37 

3n 

4826    (3) 

4825-38    (1)       ,     „ 

ft 

18-1 

11-91 

4812    (3)        I                        "       ;     „ 

ft 

76-1 

03-16 

<1 

1    1-31 

tt 

20813-9 

1       4796-48 

2a 

ff 

42-9 

89-89 

»» 

tf 

71-6 

F8-93 

<1 

tf 

f* 

76-8 

78-57 

In 

ft 

ft 

209210 

7316 

•1 

5-8 

44-7 

65-90 

4766    (10) 

1-30 

»ii 

76-6 

62-60 

4763    (3) 

4762-66    (2) 

»• 

91-1 

64-63 

f» 

»• 

21026-3 

62-14 

3a 

»i 

tt 

37-3 

3916 

4739    (10)          4739-13    (6) 

It 

96-0 

29-88 

1-29 

21136-4 

27-81 

1 

»t 

»t 

45-6 

10-68 

1 

1                              .     >» 

tt 

21222-6 

4699-82 

2 

1    4702-73  (not       '     „ 
seen) 

6-9 

71-5 

'           95-82 

2 

'                                   »• 

»t 

89-6 

t 

Cf.  Xenon  U.  I 

S143-24  (1)»  4867*3': 

^(l)-Di, 

itized  by ' 

GooqIc 
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Second  Kbypton  SFBcruvu^^ontinued, 

Redaction  to 

Wave-length 

Intensity 
and 

Liveing  and 

Vacaum 

OflciUation 

Character 



Dewar 

Range 

X  + 

1^ 

Freqoenoy 
in  y  Acao 

4604-59 

4 

4694    (3) 

14694*82    (2) 

1-29 

6-9 

21296*2 

93-83 

1 

>• 

ft 

98-7 

91-46 

2 

1-28 

tt 

21309-4 

89-96 

1 

»> 

tt 

16-3 

87-46 

1 

t» 

99 

27*6 

86-43 

1 

»» 

tt 

32-3 

80-57 

4 

4680    (6) 

4080-67    (3) 

»» 

tt 

59-0 

73-96 

1 

tt 

ft 

89*2 

72-22 

<1 

f» 

tt 

97*2 

69-04 

6 

4669    (8) 

tt 

ft 

21461*7 

56-94 

<1 

•» 

ft 

720 

60-33 

2 

4660    (1) 

127 

If 

97*9 

•     38-63 

2 

t» 

tt 

21562*6 

3406 

5 

4636    (6) 

463407    (4) 

'  t> 

6-0 

73*4 

21-68 

1 

f9 

ft 

21631*6 

20-21 

<1 

t» 

tt 

38*0 

19-31 

0 

4620    (8) 

4619-30    (6) 

f» 

tt 

42-2 

16-46 

6 

4616 

4616-48    (4) 

1-26 

tt 

60-3 

14-67 

2 

t» 

ti 

64-0 

13-93 

1 

ft 

»f 

67-3 

10-79 

3 

4610    (3) 

tt 

ft 

82*3 

07-03 

<1 

tt 

tf 

21700-0 

04-16 

2 

>t 

tt 

13*5 

4698-64 

2 

4598    (1) 

tt 

ft 

39-6 

92-94 

3n 

4693    (2) 

ft 

tf 

66-6 

83-03 

4 

4683    (4) 

t» 

ft 

21813-6 

♦    77-40 

6 

4677    (8) 

4677-31     (4) 

1-26 

ft 

40-6 

76-87 

1 

9t 

It 

47*8 

73-62 

2 

t> 

ft 

69*0     , 

66-77 

4 

tt 

6-1 

21939-3     1 

37-45 

1 

1-24 

ft 

22032-7 

36-67 

In 

ft 

tt 

36-6 

23-32 

5 

4626    (3) 

ft 

n 

22101-5 

18-82 

1 

ti 

ft 

23*6 

t    02-66 

1 

?4506    (2) 

1-23 

tt 

22203-6 

4490-04 

4 

4490    (2) 

»f 

6-2 

66-3 

751S 

7 

4476    (6) 

»» 

ft 

22339*3 

t    63-88 

I 

4464    (3) 

4464-11    (not 
eeon) 

1-22 

ft 

96-8 

6018 

1 

ft 

ft 

22414-4 

67-42 

2 

f» 

tt 

28-3 

64-66 

1 

99 

ft 

42*8 

t    64-12 

1 

4464    (11 

It 

ft 

44*9 

63-38 

3 

ft 

ft 

48*7 

43-87 

1 

tt 

ft 

96*7 

43-46 

2 

ft 

ft 

98-8 

36-98 

4 

4437    (6) 

4436-96    (2) 

tt 

ft 

22631*6 

31-86 

4 

4432    (6) 

t» 

tt 

57*7 

22-86 

4 

4423    (2) 

1-21 

6-3 

22603-5 

17-40 

2 

t» 

t» 

31*4 

J§    08-10 

2 

ft 

ft 

79-2 

♦  Cf.  Xenon II.  467736  (6).  ^ 

t  First  Krypton  spectrum.  f  ^ 

i  Visible  in  the  speotrum  of  atmospheric  Argon. 
§  4408'095t  Kayser  in  the  blue  Argon  speotrum  (l^OQcrlp 


ON  WAVE-LENGTH  TABLES  OF  THE  SPECTRA  OF  THE   ELEMENTS       118 


Second  Kbyptom  HFmcTRVM— continued. 


Seduction  to 

Inteniiiiy 

Livoing  and 
Dewar 

Vacuum 

(Vavc-leugth 

and 

Range 

-    - 

-  - 

Frequency 

Character 

A*- 

1 
A 

in  Vacuo 

4404-47 

1 

1-21 

(J-3 

22697-9     ' 

00-98 

1 

tt 

j^ 

22716-9 

4399-67 

1 

4400    (1) 

•f 

^, 

23-2 

89-87 

1 

1-20 

73-4 

86-69 

4 

43^7    (3) 

»t 

89-9 

85-39 

1 

tt 

96-7 

81-71 

3 

22816-8 

77-89 

2 

»• 

tt 

36-1 

♦    7633 

In 

4376    (3) 

4376-24 

>» 

t» 

43-9 

76-20 

1 

44-6 

C9-86 

4 

»> 

ft 

77-7 

67-27 

<1 

6-4 

91-2 

66-43 

-.1 

ft 

tt 

95-6 

♦    62-83 

1 

4363    (2) 

4362-76 

f» 

tt 

2-2914-5 

(36-84 

1 

119 

*t 

51-3 

♦    66-67 

10 

4366    (12) 

4366-62    (6) 

tf 

(t 

62-2 

65-14 

2 

»» 

tt 

66-0 

62-76 

<1 

67-6 

61-20 

2ii 

•f 

75-8 

44  42 

1 

It 

23011-6 

4406 

<1 

,^ 

•  t 

130 

41-60 

<1 

)t 

)t 

271 

33*60 

2 

ft 

»( 

69-6 

2316 

4 

4323    (2) 

23124-S 

♦     19-76 

1 

4320    (8) 

4319-700 

»t 

f> 

430 

19-30 

1 

4319    (3) 

1-18 

tt 

45-6 

♦     18-74 

1 

4318    (3) 

4318-70 

ft 

tt 

48-5 

17-98 

6 

4318    (3) 

4318-22    (2) 

ft 

tt 

62-6 

06-37 

2 

»} 

6-5 

23220-3 

01-71 
*    00-67 

i\ 

4301     (7) 

M 

40-1 

4296-35 

1 

t9 

46-7 

94-99 

2 

ff 

It 

76-4 

9310 

0 

4293    (10) 

429310    (6) 

It 

86-7 

♦    8317 

2 

4283    (3) 

f* 

23340-7 

81-66 

<1 

„ 

49-0 

80-77 

In 

1-17 

tt 

63-8 

•    74-16 

2 

4274    (4) 

4274-09 

,, 

tt 

900 

73-66 

<1 

tt 

92-7 

68-97 
68-72 

1) 

4269    (3) 

I 

tt 

tt 

23418-3 
19-7 

69-60 

3 

4260    (1) 

tt 

69-9 

64-98 

3 

4266    (1) 

tt 

96-4 

62-87 

2 

6-6 

23606-9 

60-76 

4 

4261    (6) 

tt 

18-6 

44-32 

1 

tt 

643 

3711 
36-81 

2\ 

3r 

4237    (4) 

1 
1 

1-16 

tt 

It 

94-4 
96-1 

t{    28-98 

1 

t» 

23619-8 

26-76 

3 

tt 

52-2 

26-09 

3 

tt 

66-9 

26-60 

1 

»> 

69-8 

1905. 


*  First  Krypton  spectrum. 

t  VUjible  in  the  spectrum  of  atmospherio  Argon. 

X  4229-015,  Kayser  in  the  blue  Aigon  spectrum  (l)Digitized  by 


Google 


114 


Wave-length 


REPORT — 1905. 
Second  Kbtpton  SPEcrttvu—-€ontmn3d. 


Intensity      Liveing  and 
I      and  Dewar 

Character 


Reduction  to 
Vacuum 


Rungo 


4223*22 

<1 

22-86 

1 

01-84 

1 

01-55 

<1 

4185-29 

2n 

4185 

(3) 

79-67 

2n 

72-63 

2 

71-97 

2 

4172 

(1) 

60-37 

1 

59-13 

1 

54-62 

4 

45-28 

6 

4145 

(») 

4145-27  (3) 

39-28 

4n 

4140 

m 

38-12 

4 

34-72 

3 

33-81 

<1 

31-48 

4 

18-28 

2ii 

4119 

(3) 

13-90 

1 

09-88 

6 

4109 

(«} 

4098-89 

7 

4099 

(8) 

88-48 

8 

4089 

(8) 

4088-53  (6) 

»  82-58 

4 

69-97 

4u 

67-53 

6 

65-22 

8 

4065 

(7) 

406519  (3) 

59-02 

4ti 

4058 

(«) 

5717 

8 

4058 

(«) 

4057-10  (2) 

54-43 

1 

50-62 

5n 

46-30 

1 

44-80 

5 

4045 

(4) 

37-96 

4 

4038 

(2) 

35-53 

2 

26-38 

In 

24-72 

2n 

08-60 
08-21 

2n  I 

3   J 

4008 

(2) 

05-70 

3n 

4005 

(1) 

02-73 

3 

3998-10 

6 

3997 

(3) 

96-81 

<1 

94-98 

6 

3994 

(0) 

* 

92-08 

2 

90-79 

2n 

87-93 

A 

3988 

(2) 

87-22 

In 

6502 

3905 

(1) 

62-46 

57-82 

54-90 

5 

3955 

(2) 

53-71 

3 

x+ 
MO 

i-is 


0-6 


114       6-7 


08 


1-13 


1-12 


6-9 


111 


I  i-io 


1-09 


7-1 


72 


23672-1 
76-8 
92-7 
94-1 

23786-6 

23918-7 
591 
62-9 

24029-6 
36-8 
62-9 

24116-0 
520 
58-8 
78-6 
84-0 
97-6 

24275-2 

243010 
27-8 
89-9 

24452-1 
87-4 

24565-3 
780 
92-0 

24629-6 
40-8 
63-6 
80-6 

24706-9 
16-1 
58-0 
72-9 

24829-2 
39-4 

24939-4 
41-8 
67-4 
76-9 

25004-8 
12-9 
24-3 
42-5 
60-6 
68-6 
73-0 

25213-5 
29-7 
59-3 
77-9 
86-7 


I  OflciUation 
Frequency  i 
in  Vacuo     | 


*  A  line  occuia  in  the  blue  spectrum  of  Argon  of  wftve-length  4062-535  (Kayser), 
which  doee  not  disappear  on  fractionation  (2).  ^^.^.^^^  ^^ GoOQi 
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Second  Krypton  SPBornvu— continued. 


Rodnctian  to 

Wave-length 

Iniensity 

and 
Character 

Li  veins  and                 _, 

Vacuum 

Oftcillfl(iou 
Frequency 
in  Vacuo 

3962-16 

3ii 

1-09 

72 

26295-4 

47-76 

1 

tt 

26323-5 

46-00 

1 

37-6 

42-78 

& 

ft 

55-6 

♦    42-28 

1 

tt 

5S-8 

41-03 

la 

tt 

ft 

66-9 

38-98 

2 

3939 

(1) 

tf 

tt 

801 

38-62 

1 

ft 

82-4 

34-29 

3ii 

1-08 

ft 

25410-3 

32-80 

4n 

T 

•» 

tt 

20-0 

29-34 

3n 

3928 

(3) 

» 

ti 

42-4 

24-91 

In 

tf 

>t 

711 

21-81 

2n 

91-4 

20-29 

8 

3921 

(8) 

3920-69    (1) 

»t 

11 

25601-1 

17-76 

6 

3918 

(2) 

ft 

tt 

17-6 

17-03 

1 

tf 

t» 

223 

14-04 

1 

It 

ft 

41-8 

1301 

1 

M 

» 

48-6 

12-09 

5 

3913 

(6) 

3912-36    (1) 

tt 

»» 

60-7 

06-37 

8 

3907 

(6) 

9t 

7-3 

91-9 

01-28 

2 

3901 

(1) 

tt 

25626*6 

3898-83 

3 

tt 

>> 

41-4 

94-83 

5 

3896 

(3) 

107 

67-7 

8404 

1 

„ 

tt 

26739-1 

83-77 

1 

t* 

ft 

40-9 

76-96 
76-50 

?i 

3876 

m 

I" 

ft 
tt 

92-8 
96-4 

74-16 

2 

1  .. 

tt 

25804-8 

73-38 

2a 

If 

tt 

2S*2 

63-99 

5n 

3862 

(1) 

„ 

72-7 

00-68 

6 

3869 

(1) 

It 

ft 

95-5 

68-90 

2ii 

3869 

(1) 

„ 

25906-8 

67-44 

3 

tt 

tt 

16-6 

60-23 

2ti 

106 

ft 

66-2 

47-93 

lu 

ft 

„ 

70-7 

4703 

1 

tt 

tt 

82-7 

46-99 

1 

3847 

(1) 

•f 

ft 

87-1 

44-65 

& 

3844 

(2) 

»» 

>t 

26003-6 

42-98 

In 

t* 

.. 

IfJ 

42-40 

3 

3842 

(1) 

tt 

tt 

18-1 

39-49 

1 

3839 

(I) 

tt 

tf 

37-8 

3004 

3 

3837 

(2) 

tt 

tf 

57-2 

35-47 

1 

" 

»t 

66-1 

3610 

2a 

tt 

ft 

67-6 

21-93 

In 

tt 

26157-5 

17-23 

3 

3817 

(2) 

tt 

7-4 

89-7 

14-70 

2a 

1-05 

„ 

26207-0 

09-30 

2 

ft 

tt 

44-1 

00-46 
06-28 

1\ 
1  f 

3806 

(2) 

1" 

tt 
tt 

63-7 
650 

04-80 

4' 

3806 

(3) 

tt 

tt 

76-2 

3793-36 

1 

ft 

ft 

26354-5 

92-82 

4 

1 

1     »» 

tt 

58-2 

♦ 

Of.  Xenc 

m  XL  3942-29  (1). 

Digiti 

:ed  by  v_ 

iooQle 

u6 

iUEPORT— i906. 

Second  Krypton  Spectrum— -^nfiwW. 

1 

1 

1 

Bedaclion  to 

1 

Wavfe-lcngth 

Intensity 

and 
Character 

Liveing  and 
Dewar 

Runge 

Vaoaum 

1 

Oscillation 
Frequency  , 
iu  Vacuo    ' 

A  + 

f^    ■ 

3791-22          2n 

1-06       7*4       26309-3 

88-26          2a 

89-9 

86-76           In 

26407-4 

83-28         10 

3784    (10) 

3783-40    (4) 

24-7 

80-70           1 

42-7 

78-23 

10 

3779    (8) 

3778-29    (4) 

60-0 

76-66 

In 

1-04        „              710 

75-68 

1 

77-9 

73-20 

2 

96-3 

'  71-46 

4 

3772    (4) 

7-5       26607-4 

*    6810 

In 

31-1 

♦    66-98 

In 

46-0 

59-04 

2n 

3759    (2) 

96-0 

65-92 

In 

.,        266171 

64  35 

6 

3756    (6) 

28-3 

i    61-81 

1 

46-2 

49-77 

3n 

60-8 

44-96 

9 

3746    (6) 

95-1 

41-83 

10 

3742    (6) 

3741-85    (3) 

26717-4 

40-87 

2 

24-2 

40-37 

1 

27-8 

36-91 

5 

3736    (3) 

1-03        „              69-7 

t    83-09 
32-77 

21 
3/ 

3734    (4) 

r  „        „          80-0 

I  ..          .,              82-3 

31-82 

1 

89-1 

2813 

2n 

7-6      26816-6 

26-45 

2 

27-4 

21-50 

7 

3722    (5) 

63-3 

18-79 
18-17 

81 
10  1 

3719    (10) 

f  ,.           ,.              82-9 
1,.     -     .,              87-3 

16-28 

1 

„        269010 

1518 

3 

3715    (I) 

09-0 

08-23 

In 

58-4 

3696-84 

1 

102        „        27042-6 

90-80 

6 

3691     (1) 

86-8 

86-30 

6 

3687     (5) 

3686-26    (1) 

..        27119-9 

80-64 
80-62 

11 
71 

3681     (7) 

/  „           „              61-3 
1  .,          7-7            62-4 

78-77 

2 

76-3 

74-37 

1 

„        27207-8 

70-38 

1         1 

37-4 

6916 

9        1     3670    (7) 

46-4 

§    68-74 
66-15 

I]          3667    (1) 

' 

49«  ; 

1  ..          .,              08-0    1 

63-57 

4        '    3664    (3)        ' 

88-1     1 

61-15 

4            3661    (3) 

„         273061 

60-20 

1 

13-2 

5411 

10             3654    (10)          3654-11     (3) 

101        „     ,         68-7 

48-74 

5             3649    (3) 

tt                    ff 

990 

44-36 

1 

ft                    *» 

27431-9 

41-48 

4         ! 

..     '     „              63-7 

♦  Cf.  Xenon  II.  376808  (1).  3765-99  (4).              t  Cf.  Xenon  II.  3751-80  (1). 

J  3733*122  (1)  in  blue  spectrum  of  Argon  (Kayaer). 

r~^         T 

§  FiMt  Kn 

(rpton  spe 

strum. 

Digitized  by  vjC 

)OQie 
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Sboond  Krypton  ^PECTRVu—cMUinv^. 


I 


I  Wave-length 


Intensity      Liveing  and 


and 
Character 


Dewar 


Runge 


3637-63 

4 

3638 

W 

34-54 

2n 

33-69 

2 

32-62 

1 

3202 

10 

3632 

(10) 

27-20 

1 

23-74 

4 

3624 

(l) 

16-97 

3 

11-21 

1 

0602 

9 

3608 

(6) 

0410 

1 

02-26 

In 

0005 

6 

3600 

(6) 

3599-35 

4 

98-14 

1 

96-99 

1 

89-79 

7 

3590 

(3) 

86-40 

2 

8011 

I 

77-74 

1 

72-82 

3n 

3574 

(1) 

67-88 

2 

1 

*  64-38 

4 

1 

63-48 

1 

62-23 

1 

56-69 

2n 

53-61 

4 

3554 

(2) 

49-57 

3 

48-86 

2 

44-69 
44-29 

51 
5J 

3545 

(«) 

,t  35-48 

6 

27-53 

1 

24-93 

1 

21-27 

1 

17-52 

1 

14-68 

3 

07-58 

9 

03-38 

6 

3503 

(2) 

3498-63 

In 

97-29 

3 

93-16 

2 

92-94 

2 

88-74 

1      8 

3489 

(2) 

87-61 

1 

78-04 

1 

74-79 

7 

71-62 

<   1 

71-16 

1 

70-19 

.      7 

3470 

(1) 

65-54 

i       In 

60-24 

« 

3460 

(3) 

48-87 

1      4 

Reduction  to 

Vacaam 

Oscillation 

X. 

1 

Frequency 
in  Vacuo 

X 

101 

7-8 

27482-0 

,, 

»> 

27506-0 

»» 

»* 

12-4 

»» 

»» 

20-6 

>( 

ft 

25-1 

»> 

f* 

61-7 

»f 

ft 

880 

100 

ff 

27647-3 

»» 

f> 

83-7 

»1 

f» 

27708-2 

t> 

*» 

38-4 

t» 

ff 

52-6 

ft 

»f 

69-6 

»» 

*» 

75-0 

t> 

f» 

84-3 

*f 

93-2 

9t 

7-9 

27848-9 

»» 

75-2 

t> 

ff 

27924-2 

0-99 

♦> 

42-7 

»» 
>• 

»» 
f» 

81-2 
28019-9 
47-5 
54-6 
64-4 

" 

»t 

281160 
32-5 

«» 

8-0 

64-4 

,, 

70-1 

I   »» 

1 .. 

>» 

28203-2 
06-7 

0-98 

76-7 

»> 

ft 

28340-4 

»» 

ft 

61-4 

»> 

ft 

90-8 

»» 

ff 

284211 

»» 

♦» 

44-9 

»> 

81 

28501-6 

„ 

ft 

35-8 

0-97 

74-5 

»» 

ft 

85-5 

»» 

ft 

28619-3 

ff 

21-1 

» 

ft 

55-5 

fX 

f." 

64-8 

»> 

ft 

28743-7 

If 
«l 

ft 
f» 

70-6 
97-7 

»» 

28800-7 

8-2 

08-7 

t* 

ft 

47-3 

>» 

f* 

91-5 

0-96 

ft 

28986-8 

•  Of.  Xenon  II.  3664-40  (4). 


t  Of.  Argon  3536-614  (4)  Ka:^le 
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Second  Krypton  SPECTUvu—eantinued. 


. 

Redaction  to 

Wavelength 

Intensity 

Liveinff  and 

Runge 

Vacuam 

OscillAtion 
Frequency 
in  Vacuo 

r-u*"^*             Dewar 
Character 

j 

A  + 

1_ 

A 

344701 

3 

1    0-96 

8-2 

20902*4 

46-66 

7ll                                        1                                     ■      tf            *> 

06-4 

45-43 

1                                          1                                     '      »t             »» 

16-8 

43-01 

I                                         1 

»*           f* 

36-2 

39-60 

- 

tf      1     *> 

650 

3903 

69-8 

31-86 

1 

".         8-3 

291301 

3115 

2 

»•                     f» 

38-4 

*  28-96 

t>                     >f 

66-1 

27-84 

4                                     I 

»»                     »» 

64*6 

23-87 

»>                     »» 

98-4 

14-95 

] 

0-95        ., 

29274-7 

05-28 

7 

ft                 ir 

29367-8 

♦  3396-72 

»»                 »» 

29431-9 

89-80 

\ 

8-4 

91-9 

8906 

fi           » 

98-3 

♦  87-26 

I 

»»           »> 

29614-0 

86-36 

1                                   1 

**           >t 

30-6 

t  81-24 

2         1 

fi           i» 

66-6 

♦  79-18 

1 

»>           »» 

84-6 

7609 

4 

0-94        „ 

29620-4 

♦  60-22 

2 

8-5 

29751-6 

62-07 

6    1                             :  „      „ 

29823-8 

49-61 

3n      ' 

ft           » 

45-7 

48-28 

2     ;                 ' 

yt                >t 

67-6 

42-69 

6 

»»                 »» 

29908-4 

41-70 

In 

"                 i> 

16-4 

40-61 

2n 

»«                 »» 

26-1 

37-99 

In 

0-93 

49-6 

36-84 

In 

f>           »» 

60-0 

32-61 

»•           »> 

98-0 

♦  30-88 

7 

30013-6 

29-86 

In 

»»           If 

22-8 

28-34 

In      i 

f*          » 

36-6 

26-84 

9                                    1 

If           »> 

69-1 

24-23 

In      1                           1 

8-6 

72-6 

21-26 

1                                   ! 

30100-4 

20-39 

In                                  i 

>»                     If 

08-3 

19-48 

1       :                     1 

♦  I                     »l 

10  « 

♦  15-80 

tf           »» 

a)-o 

11-59 

88-4 

08-28 

A 

1 

30216-6 

05-79 

In 

41-3 

04-87 

49-7 

01-97 

76-2 

3294-02 

11                            i                                   0-92        „ 

30349-6 

8601 

4 

8-7 

30423-3 

86-30 

f>                    II 

29-4 

82-21 

1                                     i 

il                     11 

68-6 

71-77 

II 

•1 

30666-8 

♦  C/.  Xenon  IT.,  3428-95  (1).  3396-72  (2),  3887-26  (1),  3379-20  (2).  3360-20  (2), 
3330-90(6),  3316-80(1). 

t  A  line  is  given  by  Eder  and  Valenta  in  the  blue  Argon  spectrimA  at  3381*27. 
This  line  was  not  seen  by  Kayser  nor  Baly.  VjOOQi 
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Sboond  Kbtpton  SPECTRVM—eantinued, 


Range 


-    "   ■ 

Wavelength 

I-^^^ty,     Liveingand 
Character          ^®''" 

3268-61 

7 

64iM 

8 

61-70 

In 

4816 

In                                  I 

4714 

In      i 

46-74 

2                                   1 

45-82 

10                              1 

40-55 

6 

39-64 

6        , 

37-94 

1         1 

35-29 

1 

24-99 

3 

23-66 

In 

•    22-40 

1 

20-76 

4 

1           16-39 

1         , 

1104 

1         1 

08-39 

3 

07-91 

4 

05-40 

In 

02-67 

In 

00-53 

3 

3191-33 

6 

89-23 

7 

,           7709 

In 

•     •    76-78 

2n 

7106 

3 

51-88 

3 

61-06 

6 

44-90 

1 

44-47 

2 

42-01 

5 

41-48 

0 

39-71 

3 

•    38-49 

1 

36-33 

2 

36-24 

1 

24-52 

6 

22-61 

3 

20-73 

4 

12-36 

6 

05-48 

1 

01*85 

1 

3097-27 

4 

96-59 

3n 

95-24 

In 

63-26 

5 

02-55 

1 

60*99 

2n 

56-86 

4 

6614 

2 

49-83 

2 

4707 

5 

♦  Cf.  Xenon  H.  3222-40 

3222-40  (1),  3175-80  (3),  313  >48  (6) 


Redac 

bion  to 

Vacanm 

OflciUation 

— 

1 

Freaaency 
in  Vacuo 

X  + 

~k 

0-92 

8-7 

30686-3 

ft 

tt 

30619-7 

*f 

ft 

50-2 

0-91 

8-8 

30777-9 

>i 

J, 

87-6 

»» 

It 

91-3 

tt 

30800-1 

ft 

t» 

60-2 

It 

91 

58-8 

tt 

tl 

850 

>» 

>| 

30900-3 

Pt 

990 

tt 

tt 

310U-8 

»» 

tt 

240 

0-90 

tt 

39-8 

»* 

tl 

820 

tt 

8-9 

31133-7 

tt 

tt 

59-4 

tt 

ft 

640 

tt 

tt 

88-4 

tt 

tt 

312150 

ft 

•t 

35-0 

y> 

tt 

31326-0 

)• 

It 

46-6 

0-89 

90 

31460-3 

tt 

tt 

79-3 

315262 

tf 

It 

317181 

tt 

tt 

26-3 

9-1 

8S-4 

tt 

tt 

92-8 

tt 

tt 

31817-7 

0-88 

230 

tt 

tt 

410 

tt 

t> 

53-4 

tt 

tt 

76-3 

ft 

tt 

86-4 

It 

If 

95-8 

It 

32015-4 

tt 

It 

34-7 

It 

9-2 

32120-8 

tt 

91-9 

0-87 

32229-6 

tt 

tl 

77-3 

84-4 

tt 

tt 

98-5 

tt 

9-3 

32636-7 

0-86 

^^ 

43-2 

t» 

t* 

59-8 

•t 

tt 

32704-0 

f» 

t» 

11-7 

tt 

9-4 

78-3 

tt 

ft 

328090 

/• 

270Ou'>^^l) 

>48  (( 

5)v(4). 

ogle 
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Sbcond  Krypton  Bvbctuvh— continued. 


Wave-length 


•304402 
24-67 
22-43 
17-78 
13*36 
08-57 
02  39 


Intensity      Liveing  and 


96-77 

92-36 

86-02 

83-22 

79-96 

7901 

76*44 

7606 

7418 

71-90 

68*44 

67*37 

63-26 

61-19 
♦    60-92 

60-27 

68-48 

66-44 

64-40 

62-69 

62*23 

60-33 

49*67 

48-27 

4006 
I  38*70 

36*36 

34*13 
I  31-03 

I  30*72 

27*69 

17*81 

15-88 

16*40 

13*36 

09-30 

08*74 

00*19 
2893*81 

92*30 

73*84 

72*99 
,  70-73 

61*29 
I  47-61 

X  A  line  u 
This  line  was  iioi, 


and 
Character 


I 

4 

3 

2n 

1 

2 

1 

3n 

2 


Dewar 


1 

1 

3 

1 

2 

6 

1 

2 

2 

3n 

2n 

1 


Bnnge 


Redaction  to 
Yacaum 


VHU 

UUUI 

1  Oscillation 

\  + 

1~ 

A 

Freqaency 
in  Vacno 

0-86 

9-6 

32832*2 

0-85 

33057-0 

»» 

76-3 

»» 

33127*4 

»f 

76*0 

»» 

33224*9 

97*3     . 

it 

33323*9 

„ 

9-fi 

69*6 

>* 

33408*8 

ff 

79*8 

„ 

33511-2 

0-84 

480    : 

»» 

68*6    ; 

»f 

87*6     ; 

»» 

91-9 

>» 

336131 

If 

38*9     ' 

•» 

9*7 

78*0 

»r 

90*2     I 

•» 

33736-9     , 
60-5 

63*6 

»> 

71*0 

»> 

91*4 

33814*8 

»f 

381 

»> 

67*7 

63*0 

i> 

84*8 
92-4 

»» 

tf 

33908*6 

0-83 

9*8 

34003*2 

»» 

» 

38*8 

»> 

f* 

460 

»» 

»r 

71*8 

»» 

»» 

34107*9 

»» 

»> 

11-6 

»» 

»# 

46*8     1 

f» 

9*9 

34262*4 

t» 

»> 

85*1 

f> 

ft 

90*7 

»» 

»* 

34314*8     . 

»» 

i> 

62*6 

f» 

»f 

69*2 

0-82 

ft 

34470*6 

f» 

10*0 

34646*6 

>f 

M 

64*6 

f» 

» 

34786*6 

f» 

f» 

96*9 

»• 

10-1 

348242 

0-81 

»l 

36061*7 

.. 

10-2 

35108*2 

♦  Of.  Xenon  II.  3044-91  (1).  2960-93  (2). , 


zed  by 


Google 
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Second  Krypton  Bpectbttm— ^^m^iwtM^. 


Wave.,«.gih   ^«f''     ^---«-* 


Character 


Dewar 


♦2844-60 

3 

♦    4110 

1 

38-92 

3 

36-06 

1 

35-49    ; 

2n 

3311 

6 

30-65 

In 

29-60 

1 

22-76 

1 

1700 

4 

16*68 

6 

♦     14-62 

2 

1409    j 

1 

♦     11-81 

2 

06-21 

1 

03-71 

1 

0332    ; 

4 

01-26 

In 

2795-92 

6 

90-31 

1 

79-63 

1 

79-23 

3 

78-34 

1 

74-70 

1 

72-73 

2 

61-87 

1 

69-16 

In 

♦     66-66 

1 

52-33 

1 

51-71 

In 

50-49    ' 

1 

4818     ! 

I 

42-67     ; 

4 

42-13    1 

1 

*    33-38    1 

4 

♦    32-46    ' 

1 

30-55 

1 

3002 

1 

29-58    1 

4 

20-03 

In 

16-27 

3 

15-31 

1 

14-61 

1 

12-60 

8 

11-22 

1 

10-37 

1 

01-45 

3 

00-73 

1 

2698-20 

1 

97-41 

4 

t    96-71 

4 

96-81 

4 

Runge 


Bedaction  to 

Vacuum 

Oscillation 

■ 

Frequency 
in  Vacuo 

1_ 

x+ 

A 

0-81 

10-2 

35144-2 

!♦ 

^^ 

87-4 

1            M 

If 

35214-5 
49-7 
671 

^, 

»» 

86-7 

,j 

ft 

36318-6 

f» 

30-6 

0-80 

l6-3 

35416-1 

^^ 

^^ 

88-6 

,j 

ft 

93-7 

1            „ 

»f 

35518-5 

^^ 

»f 

26-2 

i» 

f* 

540 

»• 

»• 

36026-0 

♦» 

>t 

66-7 

» 

»» 

61-7 

J, 

y» 

87-9 

ty 

10-4 

36766-0 

«• 

ft 

36827-9 

0-79 

»i 

65-6 

i» 

70-8 

»> 

82-3 

10-5 

36029-4 

J, 

66-0 

ft 

36196-9 

If 

36232-4 

66-3 

i    36322-3 

30-5 

100 

46-6 

ff 

771 

»* 

36450-1 
67-4 

0-78 

tf 

36574-1 

1 

»» 

ff 

86-4 
366120 

»» 

ff 

29-2 

ff 

55-1 

,, 

10-7 

1   36763-6 

M 

36804-5 

'             *f 

ff 

'         17-6 
270 

»» 

»» 

66-7 

ff 

I         73-2 

!        ^^ 

84-6 

»» 

id'8 

37006-4 

♦  ♦ 

ff 

16-2 

0-77 

ft 

60-9 

J, 

•f 

61*8 

»i 

1       ** 

714 

»» 

» 

83-8 

♦  Of.  Xenon  II.  2844-69  (3),  2841  10  (1).  2814-62  (6).  2811-81  (3),  2766-64  (I), 


2733-36  (4),  2732-48  (1). 


f  Of.  Xenon  II,  2696-73  (4). 


.  e 
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Second  Kbypton  Spbctbum— ^on^mtMi^. 


Intensity 
Wave-length       and 

Character 

I 


Liveing  and 
Dewar 


Beduction  to 


Vacnom 


Bnnge 


K  + 


2694*93 

3 

92*65 

1 

♦    91*94 

1 

91*31 

1 

♦    90*36 

1 

88*44 

1 

83*66 

3 

81*29 

4 

80*80 

1 

80*44 

3 

79-73 

2 

♦    77*30 

2 

76*10 

1 

75*41 

1 

♦    70*78 

2 

64*10 

2n 

61*34 

1 

61*09 

2n 

66*49 

2a 

54*07 

1 

49*84 

In 

49*38 

3 

♦    48*80 

1 

48*65 

1 

48*26 

4 

43*18 

3 

4219 

1 

40*84 

1 

39*86 

4 

34*62 

I 

30-76 

2 

2900 

3 

2819 

1 

27*86 

2 

27*34 

1 

24*90 

In 

t    24*63 

1 

20*64 

4 

t     16*80 

2 

1108 

3 

04*72 

1 

04*59 

1 

02*23 

2 

2597*80 

2 

96*83 

In 

96*44 

In 

94*49 

1 

92*67 

6 

91*33 

1 

90*83 

1 

89*19 

4 

84*21 

1 

Oscillation 
Frequency 
1_     ,    in  Vacuo    | 


*  Cf,  Xenon  11.2691-92  (1),  2090*33  (I).  2677*29  (8),  2670-80 
t  Cf.  Xenon  H.  2624-65  (1).  2616-79  (1). 


0*77 

10*8 

37095-0 

9t 

37127*3 

»» 

37*1 

„ 

„ 

46*8 

59*1 

t<t 

86*5 
37250*6 

84*7 

91*6 

96*5 

37306*4 

10*9 

40*2 

56*9 
66*5 

37431*3 

37625*2 

65*4 

67*7 

37632*8 

0-76 

ii-0 

670 

37727*1 

33*7 

41*9 

45*6 

49*6 

37822*2 
36*4 

55-6 

69-8 

37946-6 

11*1 

38000-7 
26-2 

37*9 

42-7 

60*2 

„ 

86*6 

89-5 

381491 

38203*5 

87*1 

0-75 

11*2 

383P0-5 

;; 

82*6 

38417-4 

82*9 

97*3 

38517*9 

32*0 
60*6 

790 

86*5 

38610*9 

ii-3 

86*2 

2670-80 

(2),  2648-79(1). 

-^le 
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Sboond  Ebtpton  BpECTRVM—^HnUinned. 


Lr       ,     ^v    In*««*y     Liveingand 
Wave^ienfftn  '     and  tIawm> 

I  "*       Character  ^®''*' 


^ange 


♦2681-84 

In 

74-87 

1 

♦    72-44 

1 

72-14 

2 

71-30 

1 

70-64 

1 

65-72 

1 

63-32 

2 

6206 

1 

69-20 

2 

68-08 

1 

66-44 

2 

6601 

2 

6623 

2 

64-36 

2 

63*26 

48-68 

44-79 

38-43 

2n 

37-67 

35-97 

28-51 

27-26 

2n 

26-66 

In 

26-07 

19-38 

18-02 

16-60 

*    18-50 

1303 

11-83 

06-97 

06-66 

2n 

03-97 

3n 

00-72 

2498-84 

97-81 

1 

97-61 

In 

t    94-10 

2 

89-61 

3 

87-76 

2 

87-68 

2 

86-40 

2 

85-68 

2 

83-71 

2 

83-32 

2 

83-09 

1 

78-97 

4 

74-99 

2 

74-79 

2 

74-06 

1 

73-39 

1 

72-24    1 

1 

t  C/.  Xenon  n.  249411  (3). 


Bedaotion  to 

VaoQum 

Oflcillation 

e®                 1 

Freqaency 

1 

1_     1 

in  Vacao 

j'l 

X 

0-73 

11-3 

38720-8 

If 

38826-6 

>» 

»i 

62-3 

,, 

If 

66-8 

>f 

»» 

79-6 

t     » 

„ 

91-0 

11-4 

38964-0 

0-74 

»> 

39002-0 

f» 

19-8 

1 

»> 

63-3 

y* 

>> 

80-4 

»f 

39105-6 

1           II 

>» 

12-1 

^ 

»» 

24-1 

»f 

t> 

37-5 

>f 

»» 

54*2 

11-5 

39224-6 

1           ** 

» 

84-6 

>> 

39382-9 

>> 

94-7 

ft 

f« 

394211 

11-6 

39637-4 

»> 

67*0 

tf 

83-6 

*» 

91-3 

» 

39680-7 

^^ 

» 

397021 

0-73 

ff 

41-9 

" 

f> 

73-6 

>t 

810 

ta 

11-7 

99-9 

tl 

>f 

398771 

.           " 

820 
39924-6 

t» 

76-8 

*9 

40006-9 

» 

tf 

23-4 

f» 

»» 

282 

t> 

•  1 

82-9 

11-8 

40166-9 

J 

It 

86-2 

>» 

«♦ 

87-9 

» 

»f 

40207-0 

f> 

»» 

18-6 

l» 

50-5 

*> 

ft 

66-9 

>» 

»» 

70-7 

»> 

f» 

40327-6 

!       » 

11-9 

92-3 

1 

1        " 

»»• 

96-6 

1 

If 

ff 

40407-6 

ft 

*» 

18-4 

»r 

» 

37-2 

46  (2),  2513-62 

(D- 

»               T 

Digiti2 

ed  by  v: 

.ooQle 

124 

REPORT— 1905. 

Second  Kbypton  Spectrum- 

-eatUinued. 

tionto 

1  Beduc 

1 

Intenaiiy 

Liveingand  ' 

Vacaom 

Oscillation 

Wave-length 

and 

Dewar 

Range 

I 

Freaaency 
in  Yacno 

L. 

Character 

x+ 

1 

'       2470-50 

2 

,   0-73     11-9 

40465-7 

♦     68-66 

2 

1   0-72        „ 

97-6 

;  6700 

2 

1     >*          t« 

40623-2 

65-91 

2 

401 

64-87 

8 

!      >f           *f 

68-2 

69^4 

1 

120 

40642-7 

67-79 

2 

,      >t           >• 

750 

66*16 

6 

>»         »> 

40701-9 

55-42 

1 

"         '* 

14-2 

5419 

1 

1 

34-6 

53-37 

2 

3<                             «• 

48-3 

52-38 

3 

1 

ft           t* 

64-7 

46-56 

2 

1 

40861-9 

42-68 

1 

!!     12*1 

40926-5 

40-96 

I 

55-4 

39-64 

1 

1  »»      ». 

77-6 

39-32 

2 

»      f> 

82-9 

28-44 

3 

41166-6 

26-46 

3 

\]        12-2 

99-8 

♦    26-16 

In 

»y                »> 

41224-3 

20-30 

1 

0-71 

41306-0 

1813 

1 

i 

tt 

»» 

421 

Ac. 

1 

Of,  Xenon  IT.  2468-54  (2),  242618  (2). 


First  Xbnoi^  Spectrum,  without 
^*«  The  figures  In  parentheses 


Leyden  Jar  and  Spark  Gap. 
indicate  the  intensities. 


Wave-length 


6198-70 
82-92 
80-16 
78-80 
64-30 
12-68 

6896-20 
76-30 


24-98 

24-08 

6716-20 

6696-68 

95-96 


Intensity 

and 
Character 


Liveing  and 
Dewar 


n 
1  f 

2n 

1 
2 

I 


6183    (1) 
6181    (1) 

T6166    (1) 
6936    (1) 

(not  Been) 
6895    (1) 
6876    (I) 
6866    (I) 

(not  Been) 

i     6826    (2) 


Runge 


Reduction  to 

1       Vacuum 

Oscillation 

\+ 

1 

K 

Frequency 
in  Vacuo 

1-69 

4-4 

16128-0 

1    1-68 

)t 

69-2 

1      ** 

tf 

76-4 
80-0 

1 

t* 

162180 

1-67 

»» 

16356-3 

I    1-61 

4-6 

16968-3 

'    1-60 

1 

»» 

17015-8 

f      1-59 

4-7 

17162-7 

i 

^^ 

66-4 

1-68 

4-8 

17489-3 

1-65 

»» 

17549-3 

n 

i* 

61-5 

n;^i»l»,^^ 

.wC^n 

no?4-2 

'DigiTfeed  by 
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FiBST  Xenon  Spectevu— continued. 


ChAracter  ^®'*" 


Beduction  to 
Vacuam 


Kunge 


5649-77 
1907 
12-84 

5581-96 
80-60 
79-48 
63-83 
52-59 

5488-73 
40-16 

5394  84 
92-94 
63-74 

6028-42 

4923-28 
16-63 

4843-44 
29-87 

♦  0719 
4792-77 

♦  34-30 
469717 

9113 
83-83 

♦  71-42 
68-32 
58-94 

♦  24-46 
12-06 

4582-89 
24-83 

♦  01-13 
4385-97 

8412 
76-36 
68  51 

4203-87 

4193-70 
93-19 
36-27 
16-25 
09-84 

4078-94 
46-71 

3985-39 
74-61 
67-74 
6116 
48  93 
48-38 
*3826-99 
23-86 


<1 

2 
<1 

1 

1 
<1 

2 

2 
<1 

la 

1 

2 
<1 

2 

6 
6 
2 

4 
6 
1 
8 

l! 
'?) 

1 

15 
2 
5 

6 
10 

1 
2 


2 

!l 

1 

7 

5 
10 

3 

3 

3 
10 
10 

1 

3 
2 

1 


5026  (1) 
(not  seen) 
4924  (4) 
I  4917  (4) 

4820  (1) 
4807  (1) 

4734  (1) 

Band  of 
cloee  liaeB 


4624    (2) 


4525  (5) 

4500  (1) 

4386  (3) 

4375  (4) 

4204  (1) 

4193  (6) 


4079  (1) 

3951  (6) 
3826  (1) 


A  + 

1-54 
153 


1-51 
1-50 
1-49 
1-47 

>r 

1-46 
1-42 


1-14 
,  1-13 

112 
111 

!  1-10 

109 


I 


106  j 


1 
4-8 


1-52   4-9 


5-0 

»» 
5-1 


1-35 

6-6 

1-34 

f> 

1-33 

6-7 

1-32 

»» 

»» 

» 

1-31 

»» 

1-30 

5-8 

1-29 

6-9 

1-28 

»t 

6-8 


6-9 
70 
7-1 


7-2 


7-3 


Oscillation 

Froqueiicy 

in  vacuo 


»» 

»♦          1 

t» 

»» 

>f 

1-27 
1-26 

6-0 

r» 

»» 

1-24 
1-23 
1-20 

6-1 
6-3 

t> 

»> 

•> 

»» 

116 

•» 

6-4 
6-6 
6-7 

i» 

*» 

Visible  in  tho  second  Xenoi^  spectrum. 


Digitized  by 


176950 

17791-7 

17811-4 

179100 

14-3 

17-9 

68-3 

18004-7 

18214-1 

18376-8 

185311 

37-7 

380 

19881-6 

203060 

335 
20640-8 

98-8 
20796-6 
20860-1 
21116-6 
21283-5 
21310-9 

44-1 
21400-9 

160 

68-2 
21618-2 

76-3 
21817-2 
22094-2 
22205-6 
22793-7 
22803-3 

43-8 
22937-2 
237810 
239386 

41-4 
24175-4 
24287-1 
24325-0 
24509-3 
24704-4 
26084-5 
26162*6 

96-2 
26301-8 

16-7 

19*6 
26122-9 

44-3 

Google 
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FiBST  Xbnon  BPECTRUM'-eerUinued. 


I  Intensity;     Lj^eing  and 
Wave-length         and  "Dewkr 

.Character  "^^^ 


Range 


3810-01 

2 

04-96 

3 

01-64 

1 

3796-47 

3 

73-68 

1 

46-64 

1 

3693-69 

3 

86-08 

3 

79-77 

1 

70-10 

1 

66-53 

1 

63*62 

<1 

6603 

1 

60-36 

4 

10-47 

2 

3664-16 

2 

49-99 

2 

06-90 

1 

3472-48 

<1 

69-96 

<1 

3341-66 

1 

313201 

2 

31-66 

1 

♦    26-86 

2 

3022-09 

1 

2636-68 

2 

Redaction  to 
Vacuam 


A  + 


Oscillation 
Freqnency 
in  V  acoo 


1-06       7-4 


1-04 
1-02 


1-01 
>• 

100 
0-99 

0-'98 
0-97 

6-94 
0-88 


0-86 
0-74 


7-6 
7-6 
»» 

7-7 


7-8 
7-9 
8-1 


8-2 
8-6 
91 


9-6 
11-6 


741 

97-7 

26332-9 

26492*6 

266910 

27066-6 

27121-6 

67-9 

27239-6 

73-6 

88-4 

27351-8 

86-9 

27689-4 

281281 

61-0 

28607-1 

28789-8 

288107 

29916-8 

31919-2 

23-9 

82-2 

33080-2 

39420-1 


*  Visible  in  the  Becond  Xenon  Bpectrum. 


Second  Xenon  Spectrum,  with  Lkyden  Jar  and  Spark  Gap. 
^f*^^  The  figures  in  parentheses  indicate  the  intensities. 


1 
Intenaity 

liiveing  and 

Wavelength 

and      ! 

Dewar 

Character 

i       6097-80 

7 

6097     (6) 

61-36 

7 

6061     (6) 

36-40 

6 

6036    (6) 

1       5976-67 

7 

6976    (6) 

71-32 

1 

6972 

46-71 

* 

6946    (2) 
6936  (not 
seen) 

17-73 

1 

06-40 

I 

6906    (1) 

6893-69 

1 

T6896    (1) 

1           16-21 

1 

6817    (1) 

6776-46 

3 

6777    (4) 

1           68-92 

4 

6760    (4) 

Range 


Reduction  to 
Vacaam 


A+  ---- 


1-66 
1-66 
1-64  I 
1-63  ' 

1-62 


101 


4-4 
4-6 


4-6 


Oscillation 

Frequency 

in  Vacuo 


163950 
16620-7 

61-7 
16727-3 

42-2 
16814-2 


1-68 
'  1-57 

Digitized  by 


93-8 
10929-2 

63-0 
17188-6 
17306-4 


4-7 
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Sbgono  X£N0N  Si^ECTBVU—eQfUimf^d. 


Wave-length  ^^^^^  Dei?ar 


6764-38 

In 

62-79 

1 

61-28 

6 

6761     (6) 

48*96 

1 

2716 

6 

5727     (4) 

19-83 

6 

6720    (4) 

16-36 

1 

08-74 

1 

01-48 

1 

At  6700  (0) 
(not  seen) 

6699-80 

1 

86-73 

1 

7541 

1 

71-16 

3 

67-86 

6 

6668    (4) 

69*67 

5 

6660    (1) 

33-32 

1 

2618 

1 

19-18 

1 

16-99 

6 

6617 

13-14 

1 

07-18 

1 

6609    (1) 

04-66 

1 

6696-32 

2n 

91-96 

1 

84-00 
82-30 

2n   \ 

6583    (1) 

72-48 

2 

6673    (1) 

70-60 

1 

63-08 

1 

48-40 

1 

31-33 

7 

6532    (4) 

26-81 

2 

24-63 

1 

18-96 

1 

07-72 

1 

6495-20 

1 

81-38 

3n 

72-90 

7 

6473    (3) 

69-81 

1 

60-63 

6 

6461     (3) 

63-33 

1 

61-22 

1 

60-71 

6 

6461    (1) 

46-70 

2 

39-19 

8 

6439    (3) 

19-40 

10 

5420    (10) 

15*64 

1 

13-74 

2 

01-23 

3 

6386-90 

1       1         1 

72-62 

®        i 

6372    (6) 

6830 

3        1 

6368    (1) 

1 

BeducUon  to 

Vacuam 

Oscillation 

Kunge 



1 

Frequency 
in  Vacuo 

A  + 

A 

1-67 

4*7 

173734 

») 

78-2 

•» 

82-7 
89-8 

1-66 

17466-0 

tf 

4-8 

78*2 

ft 

88-8 

t> 

17612-2 

1*66 

346 

f» 

39*7 

80*0 

176160 

28-3 

38*6 

1*64 

641 

,, 

17746-7 

1-63 

72-4 

91-4 

* 

98-3 
17810-6 

4-9 

29*4 

37-4 

67-2 

,^ 

77-9 

j 

1-62 

17903-4 

ft 

08*9 

40-4 

„ 

46-6 

tt 

180031 

1-51 

18*3 

73*9 

920 

" 

96-9 

1-60 

18114-4 

61*4 

6-0 

92*7 

18238-6 

1-49 

66-8 

77*2 

18307-9 

„ 

32-4 

„ 

39-6 

41-2 

681 

1-48 

80-1 

6419-38  (as    a 

ft 

18447-6 

.  weak  krypton 

line) 

>i 

»t 

COO 

♦» 

•» 

66*5 

1-47 

61 

18609-2 

1 

» 

»» 

68-6 

•» 

1              ••       y^ 

.  18607-8 

15igit 

zedwyCiOCf^k 
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Secohd  Xenon  SFKCTRVU—cantinued. 


Intensity!     Liveing  and 


Wave-length  ^^^d^  I  i^^^ar 


Bunge 

Reduction  to 
Vacuum 

! 

Oscillation  | 
Frequency 
in  V  acuo  , 

J 

5367-29 

1 

63-47 

2 

39-56 

0 

5339  (6) 

28-10 

1 

1415 

8 

5313  (1) 

11-15 

1 

09-49 

4 

5309  (1) 

5292-40 

10 

5292  (10) 

6292-37  (as  a 
weak  krypton 
line) 

68-60 

1 

6216 

6 

5262  (2) 

60-65 
6010 

f! 

6260  (2) 

( 
I 

47-98 

1 

39-14 

2 

6240 

26-84 

1 

5227  (1) 

23-85 

1 

06-52 

1 

01-64 

1 

5202  (1) 

5192-36 
91-60 

n 
5 

6192  (6) 

88-28 

4 

5189  (3) 

84-68 

2 

6185  (3) 

79-02 

3 

5179  (3) 

43-24 

1 

25-94 

3 

5126  (3) 

22-65 

3 

5123  (1) 

07-68 

3 

5107  (3) 

5099-96 

I 

92-22 

3 

80-88 

7 

5080  (2) 
5068  (6) 
(not  Been) 

52-74 

1 

6052  (1) 

45-09 

3 

5045  (6) 

41-62 

1 

28-62 

1 

?5025  (1) 

13-04 

1 

08-74 

1 

01-20 

1 

4994-27 

1 

93-22 

1 

91-36 

2 

88-22 

2 

4988  (4) 

78-49 

4 

71-85 

1 

4972  (2) 

23-40 

1 

21-68 

6 

4922  (8) 

19-85 

4 

16-71 

1 

4890-24 

5 

4890  (3) 

87-47 

5 

4887  (not 
given) 

1-47 

51 

18626-3 

1-40 

ff 

39-6 

»9 

If 

187230 

t* 

•f 

63-3 

1-45 

18812-6 

>f 

ff 

23-2 

t» 

.. 

29-1 

•» 

6-2 

89-8 

1-44 

18976-5 

t» 

ft 

98-4 

0 

ff 

19003-9 

ff» 

•f 

05-8 

1-43 

tf 

49-7 

ft 

>f 

81-9 

»» 

ft 

19126*8 

f» 

ff 

37-8 

1-42 

5-3 

192014 

>f 

ft 

19-4 

tt 

ft 

53-8 

»» 

ff 

66-6 

ft 

•f 

68-9 

ff 

ff 

82-3 

tf 

ff 

19303-4 

141 

99 

19437-7 

1-40 

ff 

19503-3 

»f 

»» 

15-9 

ff 

54 

73-3 

1-39 

ft 

19602-6 

tf 

ff 

32-4 

M 

ft 

76-2 

1-38 

ff 

19783-8 

tf 

ft 

19815-9 

ff 

ff 

29-5 

f» 

»f 

80-8 

1-37 

5-6 

19942-5 

ft 

f» 

59-6 

«> 

ff 

89-7 

ft 

ff 

20017-4 

tf 

f« 

21-7 

f* 

tf 

29-1 

1-36 

ff 

41-7 

»f 

ff 

80-8 

ff 

ft 

20107-7 

1-35 

6-6 

20306-6 

ff 

ff 

12-7 

ff 

ft 

20-2 

1-34 

ff 

33-2 

ff 

ft 

20443-2 

54-8 

C/.  Krypton  IL  M43-2^,^,^^^^  ,,GoOgle 


ON  WAVE-LENGTH   TABLES  OF  THE  SPECTRA   OF  THE   ELEMENTS.      129 


Sbcond  Xbnom  SvjaCTnvM^eoniinned, 


'  Intensity 
Wave-length  j     »nd 

Character 


4884*36 
83-68 

76-68 
69-60 
62-69 
♦  57-37 
53-90 
44-50 


32-16 


26-23 
23-47 
18-15 
17-30 
♦  0719 
4796-66 
94-61 
92-72 
87-95 
86-83 
79-33 
75-85 
75-33 
73-34 
69-21 
57-48 
49-10 
44-04 


♦  34-30 
32-53 
31-35 
23-74 
15-31 
12-78 

4698-20 
93-50 
83-76 
7700 
76-61 
74-78 
78-91 
72-40 
71-88 

♦  7141 
68-72 
66-48 
59-10 


I 


Liveing  and 
Dewar 


Range 


Reduction  to 
I       Vacuum      [  OBciUation 
] Frequency 


I 


A  + 


4844-58  (aa    a 
.       weak  krjpton 
line) 


1905. 


4884  (4) 
4883  (not 
tiven) 
4876  (4) 


4844  (10) 

4830  (1) 

4823  (3) 

4807  (1) 

4793  (1) 

4787  (2) 

4779  (2) 

4769  (2) 


4740  (not 
seen) 
4734  (1) 

4731  (1) 
4723  (1) 

4714  (1) 

4698  (3) 


Band  of 
close  lines 


Cf,  first  Xenon  spectrum. 


1-34       5-6 


1-33 


in  Vacuo 


20467-9 
71-2 

20500-2 
300 
59-2 

205821 
95-4 

20636-4 


1 32        „ 

890 

f»           »t 

20701-5 

..            1            M 

18-8 

»>                         *> 

26-4 

5-7 

491 

I*           ** 

62-8 

t>           »» 

96-5 

1-31        „ 

208421 

ff           *> 

51-1 

»»           t» 

59-3 

ft                          t9 

«o-i 

ft                          *t 

850 

5-8 

20917-6 

»f      1      »* 

32-9 

ft            >» 

35-2 

f*      1      *t 

43-9 

f*      1      »• 

620 

1-30  !     .. 

21013-7 

tt                  If 

50-8 

>»                         M 

73-3 

f>         {         f* 

21116-6 

>>                  f* 

24-5 

t»                  >l 

30-8 

1-29 

63-9 

»♦           »» 

21201-7 

141 

",        r*-d 

78-8 

>t        1* 

21300-2 

128        , 

44*5 

>»           ft 

75-3 

$9                      ft 

77-1 

f*                      ft 

85-5 

t>                      tt 

89-6 

•  >                      f» 

96-4     1 

>»                      »f 

98-8 

f»           '           tt 

21400-9 

ff                      *i 

13-2 

tt                      tt 

23-5 

»»                      f» 

57-5 

Digitized  by 

GogQk 
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Sbcond  Xknon  Sf^wrrRuu— continued. 

1 

1 

Redaction  to 

Intensity 

Liveing  and 

Vacnnm 

j 

Oscillation 

Wave-length 

and 

Dewar         |           Range 

- 

Frequency 

Character 

1-29       5-« 

in  Vacno 

♦466806 

i 

21462-3 

63-23 

3 

1-27        „ 

84-5 

6215 

6 

4662    (4)        , 

»                    f» 

89-5 

41-64 

2 

»>                    »» 

21638-2 

37-42 

1 

l>                     »» 

57-8 

33-49 

3 

4634    (2) 

00 

76-0 

32-83 

<   1 

1 

f*                 ft 

791 

31-67 

iQ 

1 

9*                        »» 

84-5 

t    24-47 

2a 

4624    (2) 

>»               »» 

21618  1 

20-60 

<  1 

«>               If 

36-2 

17-66 

2n 

l-2fi        „ 

60-0 

15-72 

6 

4616    (3) 

'1                     »t 

591 

03-21 

10 

4602    (8) 

*t                    If 

21718-0 

00-20 

In 

**                    ff 

32-2 

4593-00 

1 

9QrO 

92-22 

6n 

4692    (3) 

»f                     f* 

70-0 

86-66 

10 

4686    (6) 

«f                     tt 

21801-2 

80-81 

In 

1-26        „ 

24-2 

t    77-36 

6 

4577    (3)           4677-31(88 

krypton  line) 

ft                    tt 

40-7 

7216 

In 

*t                    ») 

66-5 

71-85 

In 

tt                    tf 

670 

69-29 

1 

tt                    ft 

79-2 

6608 

3n 

4666    (2) 

61 

219421 

60-90 

1 

• 

1 
tt                    tt 

67-6 

46-84 

8 

4646    (3) 

»>                     *l 

94-5 

4103 

8 

4641     (3) 

1-24 

22015-3 

37-61 

31 

4636    (2)                                   ^ 

tt                 yt 

32-4 

37-02 

1  \ 

ft                  tt 

34-8 

32-67 

6 

tt                 ff 

66-0 

24-38 

5 

4626    (6) 
4622    (1) 

ff                  ff 

96-4 

21-98 

3n 

ff                  ff 

221061 

07-32 

1 

1 

*f         1         tf 

80K) 

03-64 

2 

1-23        „ 

98-2 

J    0114 

2 

4600    (1) 

ff           ff 

22208-5    , 

86-12 

2 

4486    (1) 

0-2 

84-8    1 

81-01 

7n 

4481     (6) 

*f           ff 

22310-2 

7410 

<   In 

■ 
ft           ft 

44-7 

72-12 

<   1 

4471     (1) 

ff           ff 

64-6 

68-34 

<    1 

1-22        „ 

73-6 

62-38 

20 

4*62    (10) 

ft           ff 

22403-4 

60-75 

<    1 

ft           ft 

11-6 

53-81 

3 

tf           ff 

46-6 

48-28 

10 

4449    (6) 

ft      1     f* 

74-4 

4108 

3n 

4440    (1) 

1 
ff           »> 

22610-8 

34-36 

6 

4434    (2) 

tf          f» 

46-9 

1810 

2 

1    1-21  ;    6-3 

22627-9 

16-21 
1500 

3n   \ 

7      1 

4416    (8) 

ff          ff 

fS                       tf 

37-6 
43*8 

13-23 

3 

1 

ft         1        ft 

62-8 

06-99 

6n 

4407    (3)        1 

t>               ff 

84-9 

*  Cf.  Argpn  blue  speotrum  4668*08  (Rayser). 

t  Cf.  Krypton  II.  4867-38,  4677*40  (6). 

j  Of.  first  Xenon  spectrum.  ^^ 

Digitized  by  VjOOQ IC 
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Sbcomd  Xbnon  STwrrRVU^eontinued. 


Intensity 

Liyeingand 

Wave-length 

and 

Dewar 

Character 
1     10 

4396 

4305*91 

W 

06*30 

■       1 

93-34 

10 

4393 

(4) 

87ft6 

1 

86-19 
86-08 

1  Ji 

4386 

(31 

73-87 

3n 

4375 

(4) 

69-34 

^ 

4369 

W 

6715 

1       ^^ 

*4366 

4343 

(1) 

(not 

seen) 

37-14 

1      2q 

4337 

(3) 

36-95 

1 

30-63 

:  16 

4331 

(10} 

21-96 

'      4 

4322 

(3) 

10-69 
10-64 

2d| 
2nf 

4311 

(3) 

09-46 

2 

0816 

3 

06-99 

<   1 

4296-97 

<   1 

96-62 

5 

4297 

(3) 

93-86 

2 

86-86 

1 

86-04 

4 

4286 

(3) 

72-74 

4 

4272 

(3) 

70-00 

3 

4269 

(3) 

67-97 

,<   I 

4263 

[not 

1 

seen 

1 

6168 

1      4n 

4251 

(3) 

46-64 
44-66 

'2!" 

4245 

(10) 

4404 

1 

40-41 

3 

38-37 

10 

4239 

(8) 

2712 

2 

4227 

(1) 

2314 

5n 

4223 

(5) 

16-88 

1 

15-77 

'! 

14-85 

4216 

(10) 

1417 

6| 

13-80 

5 

4214 

(6) 

09-75 

4 

09-53 

4 

4209 

(8) 

08-61 

i       « 

04-06 

» 

4204 

(I) 

03-36 

1 

01-38 

1 

4201 

(11 

4197-92 

1 

4198 

(1) 

>           96-86 

<    1 

1           96-02 

2 

Bnnge 


1-20 


6*4 


Oscillation 
Freqnency 
in  Vacao 


22742-1 
45-4 
55-4 

84-9 
92-5 
98-3 
22856-7 
80-4 
91-9 


1-19 


118 


1-17 


23050*3 
56-6 
84*0 

23131*3 

91*7 

92-5 
i  98-3 
1  23205-3 
I  66-7 
I         68-1 

82-6 
I  23320*6 

26-1 

97*7 
23412*7 

23-8 


I 


6-6 


116 


'     •» 


1-15 


23613-5  i 
47-6  I 
530 
57-9  . 
760  ! 
87-4 

23650-2    ; 
72-6 

23707-6 
13-8 
19-0 
22*9  , 
24-9 
47*8 
49-0 
63-2 
79-9 
88*9  1 
051 

23814*6 
20-7     ; 
311 

*  No  doubt  the  Kiypton  11.  line  4355-67,  which  is  easily  visible  in  Xenon  when 
only  small  traces  are  present.  ^g.^.^^^  ^^ GoOglc 
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Second  Xehon  Spkctbum— Am/inti^. 

! 

1 

Reduction  to 

Intensity 
and 

Liveing  and                _ 

Vacuom 

Oflcillatian 
Frequency 

\re-l€sigih 

GhAracter 

1_ 

in  Vacuo 

K  + 

a"" 

1193-25 

8 

4193 

(«) 

1-16 

6-7 

23841-1 

181-28 

<    1 

»f 

»» 

23909-4 

80-20 

10 

4181 

(10) 

»i 

» 

16-6 

79-83 

1 

»» 

»» 

17-7 

76-e5 

3 

4176 

(1) 

t> 

»» 

35-9 

7108 

In 

4172 

(1) 

*> 

»> 

67-9 

62-25 

3 

4163 

(3) 

1-14 

tf 

24018-8 

5814 

5 

4169 

(3) 

f» 

ft 

42-5 

66-27 

<ln 

«> 

r> 

53-3 

65-70 

<1 

t* 

ft 

56-6 

54-76 

1 

M 

$f 

61-8 

62-12 

1 

*» 

»• 

77-4 

46-85 

5 

4146 

(3) 

ft 

6-8 

24113-7 

42-12 

2 

4142 

(1) 

» 

36-4 

33-08 

1 

>» 

tf 

88-2 

32-52 
3111 

n 
I J     > 

4132 

(2)                                   j 

»t 

>» 
ft 

91-5 
99-8 

22-01 

1 

4121 

(1) 

1-13 

ft 

24253-2 

13-34 

<i 

»> 

ft 

24304-3 

12-25 

2n    . 

4112 

(2) 

*t 

ft 

10-8 

10-53 

1 

$* 

tt 

21-0 

10-18 

1 

» 

ft 

23-0 

09-20 

6 

4109 

(6) 

f. 

tt 

28-8 

06-25 
05-10 

i] 

4106 

(3)                                   j 

:: 

46-3 
53-1 

03-19 

1 

! 

»t 

>f 

66-6 

00-48 

2 

4100 

(2) 

t* 

ft 

80-6 

1099-01 

4 

4099 

(3) 

i» 

6-9 

89-2 

96-04 

3 

4093 

(1) 

»» 

t» 

24412-9 

87-38 

<1 

112 

»» 

68-7 

83-48 

<ln 

1 

t» 

ft 

82-0 

83-07 

<1 

i 

»f 

•9 

84-6 

82-79 

2 

1 

»; 

ft 

86-1 

78-86 

2 

4079 

(1) 

»f 

tt 

24609-8 

78-33 

In 

»f 

tt 

12-9 

73-62 

1 

»« 

It 

41-3 

72-62 

4n 

4074 

(1) 

ff» 

„ 

47-3 

70-30 

1 

*» 

•t 

61-3 

66-67 

1 

>l 

t> 

83-2 

62-27 

<1 

t« 

ft 

24609-9 

61-30 

1 

ft 

tt 

16-8 

61-06 

2 

>r 

»t 

17-2 

60  60 

3 

4060 

(I) 

$f 

ft 

200 

57-65 

5n 

4058 

(«) 

t> 

ft 

38-5 

56-22 

<ln 

»» 

46-6 

53-75 

2 

1-11 

ft 

61-6 

51-79 

1 

I* 

tt 

73-6 

51-36 

<ln 

ft 

7-0 

761 

60-19 

6 

4050 

(6)         ; 

ft 

ft 

83-2 

47-45 

In 

1 

99-9 

46-29 

1 

' 

ft 

J, 

24707-0 

44-96 
4409 

?i 

4044 

(1)                  1                                                                   { 

f» 

ft 
ft 

16-1 
20-4 

♦  C/.  Krypton  11.  4046-3U 

Digitized 

byCjC 
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Sbcono  XisMON  STEOr&VM -continued. 


Character 


Dewar 


4043-73 

<1 

43-38 

3 

4043 

(11 

39-39 

<1 

37-70 
37  43 

2\      1 
3f      ' 

4037 

m 

33-02 

<1         i 

30-09 

2 

28-72 

3 

4029 

(1) 

28-10 

3 

25-32 

1 

4025 

(3) 

21-76 

1 

4021 

(1) 

1805 

1 

14-27 

1 

03-71 

<1 

02*51 

2 

4002 

(3) 

01-32 

1 

.    00-66 

1 

3998-67 

In 

9718 

<1 

94-55 

1 

3994 

(2) 

92-98 

i      ^ 

3991 

(3) 

90-40 

1      3n 

8610 

3 

3986 

(1) 

81-69 

2 

3981 

(1) 

79-35 

2 

76-47 
75-73 

1  ^iJ 

3975 

(1) 

74-14 

'  <i 

72-69 

2n 

3973 

(2) 

7004 

1 

05-69 

1         1 

1 

3957  (not 

seen 

1 

1 

3955  (not 

* 

1 

seen 

\ 

51-73 

<l 

60-70 

8 

3951 

(«) 

43-73 

3 

3944 

(3) 

*    42-29 

1           i 

3905 

2 

.  3939 

(1) 

32-63 

2        1 

29-73 

1         ' 

3926 

(not 

Bcon 

;     po8- 

sibly  Argon, 

3925-90) 

23-56 
22-67 

2ii  1 
10    1 

3923 

(6) 

18-71 

3 

17-28 

In 

15-40 

3 

3015 

(I) 

1-2-23 

<1 

11-77 

1 

08-00 

7        1 

3908 

(4) 

Range 


Reduction  to  | 
Vacaum 


A-*- 


Oscillation 
Frequency 
in  Vacuo 


111  I     7-0 


10 


7-1 


09 


I    24722-6 

24-8 

,         49-2 

I         59-6 

61-2 

88-3 

24802-0 

14-8 

18-6 

36-7 

57-7 

80-7 

24904-2 

I         69-8 

1         77-2 

!         84-1 

88-8 

I    26001-2 

!  10-5 

270 

I         360 

630 

801 

,   26107-9 

I         22-6 

40-8 

46-6 

55-6 

64-8 

81-6 

I   26209-8 


„     ; 

7-2 

98-2 
26304-8 

49-5 

58-7 

».     1 

790 

•08 
1* 

26421-1 
39-8 

♦  Cf,  Krypton  IL  3942-28  (1). 


»* 

f» 

79-9 

ft 

» 

85-6 

25511-4 

20-7 

32-0 

53-7 

66-7 

»» 

"    ^ 

81-3 

Digitized  by  v 
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Second  Xenon  SvECTRVM-^eontinued, 


Wave-longtb 


3906-02 
06-71 
03-82 
03-30 

3897-88 
95-18 
9417 
93*59 
92-51 
91-73 
87-14 
86-88 
85-54 
85-15 
82-81 
80-60 
79-35 
77-95 
77-12 
69-79 
66-80 
62-71 
61-19 
58-67 
66-20 
54-44 
49-97 
48-75 
47-57 
46-43 
4205 
41-68 
3913 
37-87 
29-90 
28-49 
28-15 
*  26-99 
26-33 
23-34 
16-93 
15-32 
11-93 
1119 
08-14 
07-42 
01*86 
01-13 

3792-46 
91-82 
87-46 


Intensity ' 

and 
Character 


Liveing  and 
Dewar 


3906    (1) 
3903    (1) 

3894    (3) 


1 

1 

2 

1 

4 

3885 

(3)        , 

1 

6 

;     3880 

(3)        , 

1 

8 

3877 

(3) 

1 

1 

2 

3870 

(2)       ! 

lu 

<1 

4 

3862 

(2) 

2 

3858 

(2) 

<1 

4 

3855 

(1) 

3u 

3850 

(2) 

2 

3849 

(1) 

2 

1 

5  1 
7 

3842 

(4) 

1 

1 

I] 

3829 

(I) 

1 

2 

3826 

(1) 

1 

1 

3824 

(1) 

1 

1 
1 
4 

3815 

(1) 

3811 

(3) 

1 

1 

3807 

(1) 

!> 

1    3801 

(1) 

1 

1 

5 

i     3792 

(I) 

1 

3787 
t  3783 

(I) 

10 

3781 

(6) 

Range 


Reduction  to 

Vacanm 

Oscillation 

T 

A  + 

1 

Frequency 
n  Vacuo 

_ 

1-08  ' 

7-3 

25694-2 

tt 

tt 

96-2 

»» 

9t 

25608-6 

t> 

pt 

12-0 

t» 

It 

47-7 

,    107 

tt 

66-4 

»» 

t* 

721 

1     •» 

75-9 

tt 

ft 

831 

»» 

ft 

88-2 

ft 

ft 

25718-6 

■f 

tt 

20-3 

»> 

tt 

1         29-1 

»t 

tt 

31-7 

tf 

tt 

47-2 
61-9 

»* 

tt 

70-2 

ft 

tt 

79-5 

1     »> 

tt 

85-0 

»♦ 

9'           { 

tt 
tt 
tt 

25833-9 
53-9 
81-3 

•  • 

tt 

91-5 
25908-3 

1    106 

tt 

24-9 

»f 

36-8 

ft 

tt 

66-9 

tt 

ft 

752 

tt 

ff 

83-1 

If 

1 » 

90-8 
26020-5 

!\.. 

ft 

270 

40-3 

ff 

ft 

48-8 

L  » 

ft 

26103-0 

tt 

12-7 

i« 

tt 

I         15-3 

ff 

f» 

22-9 

*f 

tt 

27-4 

ff 

47-8 

;    1-05 

i  :: 

7-4 
»» 

91-7 

26202-8 

260 

! 
ff 

tf 

31-1 

ff 

tr 

521 

ff 

tt 

671 

1  '    " 

tj 

95*5 

tt 

1   26300*6 

1      » 

tt 

1         60-7 

»f 

t* 

65-2 

»f 

95-5 

26439-7 


*  Cf.  Xenon  I. 


t  Probably  3783-28  Krypton 
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Secohd  Xenon  SPEGTRvu-^eoTUinued, 


ive- length 

1 
1 

Intensity, 

and      1 

Character 

7 

Liveing  and 
Dewar 

3776-46 

3776 

(3) 

74-38 

<1 

72-68 

5 

3773 

(U 

71-06 

1 

3770 

(1) 

6806 

1         1 

6609 

4 

3766 

(1) 

63-52 

2 

3763 

(2) 

62-43 

4 

3762 

(1) 

5813 

1         , 

'  "        1 

5703 

1 

3757 

(1) 

66-14 

1         1 

'    61-80 

1     ! 

50-86 

4 

45-85 

5     ; 

3746 

(3) 

38-04 

3        ' 

3737 

(1) 

36-15 

1 

31-33 
30-29 

M     ! 
3/     , 

3731 

(2) 

28-33 

1 

27-46 

1 

20-93 

4     ; 

3721 

(2) 

1 

3717  (not 

Been 

)t 

i     15-73 

1     , 

1204 
11-78 

?i  ■ 

3712 

(2) 

00-88 

1 

0907 

2 

06-29 

3 

3708 

(1) 

06-32 

1 

3698-87 

1 

92-76 

<1 

89-96 

1 

3689 

(I) 

76-76 

7 

3677 

(3) 

72-68 

2 

3673 

(2) 

69-28 

5 

66-90 

5 

66-26 

1 

64-60 

1 

6405 

3 

3664 

(l> 

62-99 

1 

62-44 

1 

61-79 

2 

3662 

(2) 

58-97 

<1 

68-59 
58-32 

<!} 

3658 

(1) 

57-88 

1 

54-75 

5         , 

3655 

(2) 

53-27 

2 

49-71 

4         ' 

3650 

(1) 

48-47 

2 

Runge 


Redaction  to 
Vacuum 


A  + 


104 


7-4 
7-6 


03 


102 


101 


♦  C/.  Knrpton  II.  376810  (1),  3766-98  (1),  3751-81  (1). 
t  PoBBibly  Argon  3717 
X  Cf.  Argon  3715. 


Digitized  by 


Oscillation 
Frequency 
in  Vacuo 


26472*5 
87-0 
98-8 

26510-3 
31-2 
45-9 
63-4 
71-2 

26601-5 
09-3 
13-6 
46-4 
530 
88-7 

26744-5 
580 
92-6 

26800-1 
14-1 
20-4 
67  4 


269050 
31-8 
33*6 
47-4 
52-3 
590 
72-3 

27027-7 
72-6 
930 

27190-2 

27220-4 
45-7 
63-3 
75-5 
80-4 
84-5 
92-4 
96-5 

27301-3 
22-4 
25-2 
27-2 
30-5 
53-9 
650 
91-7 

274010 


Google 
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Second  Xenon  Spbctbum— c<w^w 

;              1 

led. 

Reduction  to 

Wave-lengih 

I                          1 
Intensity      Liveing  and     | 

and      '         Dewar 
Character 

<l 

Kunge 

Vacanm 
1-01       7-7 

I  Oscillation 
'   in  Vacao 

3646-83 

27411-4 

4505 

2 

1 

1  " 
>» 

26*8 

44-58 
44-29 

2 
2 

3645 

(6)    ; 

30-3 
32-6 

41-16 

4 

3641 

(2)    ; 

»» 

66-1 

3617 

2 

j 

tt 

7-8 

93-7 

35-49 

1 

t 

»» 

98-8 

34-34 

1 

1 

»» 

27607-6 

33-87 

lu 

ft 

ll-l 

32-30 

4 

3632 

(21 

. 

t» 

23-0 

31-44 

1 

1 

1 

•» 

29-6 

28-69 

2 

1 

1 

»> 

50-4 

24-21 
23-28 

81 
5 

'     3624 

(10)     1 

84-4 
91-6 

21-75 

1 

1 

»> 

27603-2 

2018 

2 

1 

j 

»» 

16-1 

19-03 

2 

»» 

23-9 

16-02 

3 

3616 

(1)     ' 

100 

46-9 

14-59 

1 

»» 

67-8 

12-62 

3 

3613 

(4) 

19 

73-7 

1216 

1 

1 

„ 

76-6 

09-60 

5 

3610 

(2) 

*l 

961 

07-58 

1 

1 

»» 

27711-6 

07-17 

6 

3607 

(4) 

■"     tt 

14-9 

06-22 

3 

I    ft 

22-1 

02-03 
01-21 

2 
3 

3602 

1 

(1) 

{:: 

64-3 
60-6 

3696-76 

6 

3697 

(3)        1 

f> 

95-1 

95-53 

2 

«» 

27804-4 

93*61 

I 

»» 

7-9 

19-3 

92-14 

1 

»f 

30-7 

91-34 

1 

»> 

36-9 

89-40 

<1 

tt 

51-9 

87-84 

2 

»» 

64-0 

87-45 

1 

' 

»i 

66-2 

84-68 

1 

' 

f> 

88-6 

83-79 

6 

3584 

(8) 

»t 

95-5 

79-85 

0 

3580 

(8) 

tt 

27926-2 

78-71 

1 

.. 

36-1 

7814 

1 

♦  » 

39-6 

76-80 

5 

099 

600 

7508 

1 

tt 

63-6 

74-56 

1 

*t 

67-6 

74-26 

1 

' 

tt 

69-9 

70-31 

1 

.. 

28000-9 

69-67 

1 

M 

06-9 

65-35 
•    64-40 

4 
4^ 

I      '     3566 

(8)      ; 

39-8 
47-3 

6315 

1 

' 

»» 

67-1 

62-37 

3 

1 

tt 

63-3 

61-63 

3 

1 

l» 

'         68-9 

5812 

1 

t» 

'         96-8 

r»6(U 

2 

3656 

(3) 

tt 

.    2S108-6 

♦  C/.  Krypton 

II.  3664-38  (4). 
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Second  Xenon  l^pjacrrtLUU—eoiUittued. 


I 


iBkenBiiy 

Wavelength 

and 

Character 

365600 

_ 

6460 

1 

63-42 

62-29 

50-21 

1 

49-39 

48-36 

47-04 

46-04 

2 

42-50 

6 

40-09 

3 

37-56 

3 

33-39 

* 

31-93 

1 

31-43 

30-76 

30-40 

28-14 

27-39 

2604 

<1 

22-98 

19-26 

18-12 

1 

16-92 

16-38 

16-53 

13-72 

11-83 

11*60 

09-05 

06-74 

03-99 

01-86 

n   -1 

00-63 

3498-33 

98-04 

96-00 

04-69 

88-34 

83-39 

79-82 

79-29 

75-43 

1 

74-42 

1 

72-59 

3 

71-47 

1 

70-73 

1 

70-27 

69-31 

1         1 

68-36 

5  "*       ' 

67-37 

c) 

63-63 

<  I 

62-69 

<1 

61-44 

3 

68-90' 

6 

Xiveing  and 
Dewar 


3653    (5) 


3543    (6) 


Redaction  to 
Vacaom 


Runge 


A+       -•- 


0-99       7-9 


80 


0-98 


3523    (4) 


3510    (2) 

3504    (1) 
3501     (4) 


8-1 


0-97 


8-2 


34C8    (-2) 


3461    (1) 


Jigitizd'd  by ' 


Oacillation 

Frequency 

in  Vacuo 


28113-6 
24-7 
340 
43-0 
59-5 
65-9 
741 
84-6 

28200-4 
20-6 
39-9 
60-1 
93-4 

283061 
09-1 
14-5 
17-4 
35-6 
41-6 
52-3 
77-0 

284071 
16-3 
260 
30-3 
37-2 
51-9 
67-2 
09-0 
89-0 

28508-4 
30-8 
48-1 
690 
770 
79-3 

28604-2 
06-7 
68-8 
99-6 

28729-0 
33-4 
65-3 
73-7 
88-9 
98-1 

28804-2 
08-0 
160 
24-0 
321 
63-2 
71-1 
81-6 

28902-7 
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Second  Xekon  Spectrum- 

1     •         ' 

,  Inten&ity 

Livoing  and 

!  Wave-length 

1      and      , 

Dewar                     »»»« 

Character' 

: 

3456-87 

54-41 

3454 

(1) 

5213 

1          1 

50-86 

1          ' 

50-19 

1          1 

46-52 

4501 

44-61 

44-38 

1      4 

43-49 

1       1 

42-08 

m    ! 

' 

40-91 

In     ' 

1 

38-88 

In      1 

38-28 

37-96 

37-68 

2 

35-91 

36-17 

3218 

1 

31-71 

4        1 

30-62 

1 

2913 

' 

•    28-95 

28-61 

28-20 

26-61 

1 

24-88 

1       I 

20-89 

i   4    I 

1811 

<  1 

13-34 

In 

09-60 

<  In 

07-76 

07-25 

1      1 

05-62 

1 

0406 

00-02 

1   1 

3397-66 

i 

t    96-72 

95-68 

i       1 

94-92 

1       2 

92-73 

90-78 

90-13 

t    87-26 

86-89 

85-86 

84-28 

8407 

1      2 

81-81 

80-24 

1 

t    79-20 

77-17 

1       1         1 

Redaction  to  | 
Yacnom      i 


Oscillation  | 
Frequency  ' 


A  + 


0-96 


0-96 


0-94 


1 

in  Vacuo 

A 

8-2 

2  928-1 

i> 

40-3 

it 

59-4 

tf 

70-1 

»> 

75-7 

t» 

29006-6 

f» 

19-2 

»f 

22-7 

ft 

24-6 

»i 

321 

440 

>» 

53-9 

ft 

710 

ft 

76-1 

tt 

78-8 

ft 

81-2 

ft 

96-2 

t» 

29102-4 

8-3 

27-7 

ft 

31-7 

ft 

410 

ft 

53-6 

ft 

65-2 

tt 

680 

61-5 

ft 

751 

ft 

89-8 

ft 

29223-9 

*i 

47-6 

88-5 

» 

2^Z20'l 

ft 

36-5 

ft 

40-9 

tf 

64-9 

•t 

68-4 

it 

29403-6 

23-8 

ft 

31-9 

8-4 

40-9 

ft 

47-4 

ft 

66-4 

83-3 

ft 

890 

ft 

295140 

ft 

17-2 

It 

26-3 

tt 

400 

tt 

41-8 

tt 

61-6 

f* 

76-3 

84-4 

J, 

.   29602-2 

*  Cf.  Krypton  II.  3428-96  (1). 

t  Cf,  KryiJton  II.  3396-72  (2),  3387-20  (1).  337018  (D^OOqIc 
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Second  Xenon  SFBcrnvu—oontinued. 


1 

lulensity     Liveing  and 

EVave-length 

(uid      ,         Dewar 

'( 

1 

Character 

337411 

1 

70-81 

1 

67-64 

1 

66-87 

Sn 

64-82 

1 

63-64    ; 

1 

62-93 

1 

•     60-20    1 

2 

58-13    1 

4 

5609 

2 

54-51     , 

1 

60-53 

In 

49-91 

3 

45-11 

1 

4441 

I 

40-85 

1 

40-54 

3 

40-23 

2 

39-67 

1 

39-37 

1 

3917 

3 

3900 

2 

34-38 

I 

32-97 

6 

31-80 

5 

,♦    30-90 

6        I 

28-45 

1 

27-64 

1 

22-30 

0 

20-21 

,      2 

19-69 

'       1 

1916 

1 

18-76 

1 

17-59 

1 

16-47 

1 

t    15-80 

1 

1600 

1 

1441 

1 

13-64 

III 

1301 

1         ' 

12-34 

<1 

11-96 

;  <i 

10-62 

5 

06-94 

3 

0604 

4 

0419 

2 

03-47 

2 

01-65 

3 

00-38 

in      1 

3298-86 

1        ' 

98-00 

^  I 

96-07 

4 

Runge 


Redaction  to 

1       Vacuum 

Oscillation 

1 

i_ 

a"" 

Frequency 
in  Vacuo 

0-94 

8-4 

29629-0    ' 

9t 

581 

99 

86-0 

ff 

92-8 

ft 

29710-9 

»> 

1         21-3 

1 

tt 

^^ 

27-6 

»» 

8-5 

61-6 

'           99 

701 

1           ]^ 

,         881 

, 

1   29802-1 

ft 

37-7 

'* 

!         431 

t» 

^ 

85-9 

1           .» 

1         92-1 

1           M           ■ 

ff 

29923-9 

1 

26-8 

i 

29-6 

1   !! 

34-6 

«f 

37-3 

*f 

1         391 

f» 

t$ 

40-6 

0-93 

1         82-1 

^^ 

94-8 

fi 

30005*3 

» 

If 

;        13-4 

)* 

ff 

'         35-7 

fi 

42-8 

»t 

8-6 

910 

301100 

14-7 

If 

19-6 

^^ 

231 

tf 

33-8 

1      *' 

ft 

43-9 

50-0 

!     \\ 

\\ 

57-3 

i     '* 

ft 

62-7 

69-7 

1     t> 

ft 

75-4 

81-5 

ft 

ft 

851 

1         98-2 

If 

30230-8 

t» 

ff 

351 

ff 

ff 

1         660 

62-6 

79-3 

\\ 

»> 

90-9 

0-92 

i  :: 

f» 

9* 

1            M 

303050 
12-3 
30-6 

C/.  Krvpton  II.  3360-22  (2).  3330-88  (7).  ^  . 

Cf.  Krypton  U.  3316-80  (1).  Digitized  by  LiOOgle 
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Second  Xenon  BPECrrRva— continued. 


Reduction  to 

Wave-lengtli 

Intensity      Ltiveinc  and 

Yacaum 

OscUUtion 

and 

Dewar 

Runge 

1 
8-6 

EVeqnency 

329503 

Character 

A  + 

in  Vacuo 

2 

""          ~                   !   0-92 

30334-0 

94-70 

<  In                                                                    »> 

»» 

43-2 

9409 

1                                   i                               1     »» 

>» 

48-8 

93-17 

<1 

1      »• 

>i 

67-3 

91-72 

In 

>t 

t> 

70-7 

90-44 

<1 

»» 

„ 

82-5 

8803 

5 

r> 

8-7 

30404-6 

8617 

1 

»» 

>» 

^i? 

85-93 

B        . 

,» 

24-1 

84-81 

1           ;                                                                                    » 

i» 

34-5 

83-75 

<ln      i                           1                                    '» 

f> 

44-3 

81-36 

1     1                 1                   ;   " 

** 

06-5 

80-94 

<i 

1        jj 

» 

70-4 

80-66 

4 

;                                                    *> 

»> 

73-0 

79-31 

<1 

i                                             1       •* 

,f 

86-6 

78-61 

3 

»> 

92-0 

77-41 

3 

t> 

30503-2 

76-56 

3 

1        »» 

» 

11-2 

7507 

2 

»» 

260 

73-89 

3 

i» 

»» 

36-0 

73-06 

3 

i> 

ff 

43-7 

71-35 

1 

" 

t» 

69-7 

69-57 

<1 

i                                                    f» 

»» 

76-4 

69-11 

5 

,) 

80-7 

68-31 

2 

»f 

88-2 

67-62 

1 

1                                                    " 

„ 

96-6 

67-19 

4 

1 

1                                                    »» 

»» 

98-6 

66-21 

1 

1 

»» 

30607-8 

64-76 

4 

1                                                    '* 

»» 

21-4 

62-18 

1 

f» 

46-6 

60-81 

<1 

i 
1 

»> 

58-6 

60-42 

<1 

»» 

62-2 

69-57 

4 

'   0-91 

»» 

701 

5804 

1 

»» 

»» 

84-6 

66-79 

3 

ff 

96-4 

66-39 

3 

1 

f» 

30700-1 

53-38 

6 

»» 

28-6 

50-70 

8-8 

63-9 

49-14 

<  1 

1                                      ** 

>» 

69-3 

48-98 

<i                           1                        :    .. 

»i 

70-2 

48-76 

1                                                                                                             »» 

•> 

72-2 

47-80 

5                                     1 

»» 

81-3 

46-99 

4         '                             1                                      tf 

»f 

89-0 

45-17 

<  1                                                                           >* 

„ 

30806-2 

44-30 

3                                                                      » 

•t 

14-6 

42-98 

7                                                                    »» 

„ 

27-0 

41-26 

1                                                                    >* 

»» 

43-4 

39-41 

6                                                                   1     »> 

»» 

61-0 

37-50 

1                                                                        *• 

i» 

79-2 

36-97 

5                                                                             ft 

„ 

84-3 

35-85 

.4                                                                          »» 

»> 

95-0 

35-19 

*'  1                                                                           »» 

f» 

98-4 

34-69 

1                                                                           tf 

>* 

30906-1 

- 

34-36 
33-56 

<  1 

09-2 

1    Digitized  b/Vjt)'  _    }^'^ 
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Sboond  Xenon  SFEcruvm—eontin'Md. 


I  Ldteneity; 
WaTe-Iength         and 

iCharacter 


Liveing  and 
Dewar 


Reduction  to 
Yactiam 


Range 


32S3-39 

1 

31-83 

6 

30-80 

<1 

3012 

1 

29-21 

1 

27  32 

4 

26-65 

4 

26-26 

2 

23-91 

1 

23-62 

2 

2314 

4 

22-40 

1 

21-46 

1 

2118 

2 

19-97 

<1 

1813 

<1 

16-92 

<ln 

14-66 

1 

14-30 

4 

12-68 

<1 

12-46 

1 

10-40 

3 

09-54 

4 

06-49 

1 

06-21 

<l 

02-81 

1 

0217 

2 

01-94 

<1 

01-67 

3 

3199-87 

1 

99-39 

1 

98-76 

4 

96*68 

3 

96-37 

6 

95-10 

<1 

93-86 

<1 

93-35 

2 

88-80 

<1 

87-91 

<1 

87-60 

2 

86-93 

1 

86-93 

<1 

86-36 

5 

84-74 

3 

84-42 

2 

81-67 

1 

80-62 

<1 

79-40 

5 

77-27 

2 

7618 

3 

\    76-80 

3 

76-38 

6 

73-16 

In 

0-90 


8-9 


89 


90 


30918-5 
33-5 
43-3 
49-8 
68-a 
76-7 
92-7 
96-4 

31009-4 
13-2 
16-8 
24-0 
33-1 
36-8 
47-4 
651 
76-8 
98-6 

311021 
17-8 
19-9 
39-9 
48-2 
77-8 
80-6 

31213-7 
19-9 
22-2 
24-8 
42-3 
47-1 
63-3 
73-6 
76-6 
890 

31301-2 
06-2 
50-9 
59-6 
62-7 
69-3 
79-1 
84-8 
90-8 
940 

3142-2-0 
31-4 
43-6 
646 
76-4 
79-1 
83-3 

31606-^ 


♦  Cf.  Krypton  II.  322240  (1). 


t  Cf.  Krypton  U.  3176-78  (2). 


bgle 
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8BC0ND  XSHON  SPKOTBUM— <?MKtM«^J* 


Intensity 

ive-length 

and 

Character 

3170-81 

1 

68-77 

<1 

67-67 

<1 

66-92 

<1 

66-26 

1 

64-63 

2 

64-43 

1 

63-10 

2 

60-82 

2 

59-97 

1 

66-86 

2 

66-66 

3 

53-68 

3 

53-14 

4 

61-98 

5 

51-11 

6 

50-86 

6 

49-11 

1 

48-17 

In 

46-84 

<1 

45-17 

1 

43-77 

2 

42-69 

1 

41-77 

2 

39-21 

1 

38-87 

1 

38-46 

6 

34-86 

1 

32-87 

1 

30-48 

2n 

26-90 

1 

►    26-86 

2 

26-12 

<1 

24-75 

1 

24-15 

1 

22  32 

1 

2200 

8 

21-16 

1 

1934 

1 

16-88 

1 

14-56 

4 

13-69 

<1 

12-87 

3 

08-72 

In 

07-91 

2n 

06-50 

5 

05-75 

1 

04-60 

3 

03-64 

2 

03-38 

<1 

02*88 

1 

02-54 

<1 

01-68 

2n 

IdTeing  and 
Dewar 


Bnnge 


Cf.  Xenon  1. 


Reduction  to 

1 

Vacuum 

Oscillation 

A  + 

1_ 
A 

90 

in  Vacuo 

0-89 

31628-7 

^^ 

^^ 

490 

ft 

69-9 

ff 

it 

67-4 

f» 

»i 

74-0 

90*3 

^^ 

^j 

92-3 

ft 

31605*6 

»f 

tt 

28-4 
36-9 

tt 

68*5 

ff 

801         ; 

f» 

^^ 

317010 

1* 

,j 

05*4 

f« 

171 

tt 

25*8 

») 

»» 

28-4 

tt 

460 

tt 

65*5 

^ 

91 

68-8 

t> 

i» 

86*7 

ft 

99-8 

» 

» 

31810-8 

0-88 

»> 
tt 

20-1 
460 

tt 

49-5 

»» 

tt 

63*7 

tt 

90-3 

tt 

tt 

31910-5 

f» 

34-9 

If 

71-5 

821 

«> 

89-7 

tt 

93*5 

ff 

99*6 

ft 

32018-4 

If 

ff 

21*7 

tt 

30*4 

»t 

49*0 
74*3 

9-2 

98*2 

ff 

It 

32107*0 

»» 
»» 

t> 
t» 
tt 

15*5 
58*4 
76-8 
81-4 

i» 

tt 

89-1 
32201*1 

110 
13-7 
18*9 

tt 

22-4 

0-87  , 

., 

31-4     1 

Digitized  by  vjv 
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Sbcord  Xekon  Qfecivlvu— continued. 


1                              ^ 

Reduction  to 

kve-length 

Intensity 

and 
Character 

Liveing  and 

Dewar                     R^i^ge 

1 

1 

Vacuum 

Oscillation 

A  + 

1__ 
A 

Frequency 
in  Vacuo    | 

310004 

3 

0-87 

9-2 

32248-4    1 

3098-68 

1 

i 

^^ 

62-6 

98-33 

1 

1 

ft 

66-2 

9703 

1 

^^ 

79-8 

94-91 

1 

32301-9 

94-69 

2 

04-2 

93-66 

In 

161 

92-67 

2 

1 

26-4 

91-22 

6 

1 

40-7 

90-16 

3 

61-7 

89-07 

1 

63-0 

86-74 

<1 

97-9 

83-70 

6 

1 

rt 

9-3 

32419-3 

8306 

1 

1 

26-1 

82-74 

2 

1 

29-4 

80-61 

3 

1 

** 

61-8 

79-86 

4 

69-8 

77-82 

1 

i 

81-2 

76-47 

1 

1 
1 

326061 

73-62 

4 

1 

" 

26-6 

73-31 

1 

28-9 

71-49 

3 

48-2 

70-19 

2 

fj 

620 

68-71 

1 

77-7 

67-43 

4 

' 

)* 

91-3 

66-69 

1 

99-1 

66-33 

6 

1 

32613*6 

63-49 

2 

1 

^^ 

„ 

33-2 

61-71 

3 

. 

0-86 

62-2 

6716 

<1 

i 
1 

** 

32700-8 

66-63 

3 

" 

06-6 

66-42 

2 

1 

19-4 

64*62 

4 

28-0 

61-41 

1 

9-4 

62-4 

61-14 

1 

66-2 

49-04 

1 

87-8 

48-31 

1 

96-7 

47-93 

In 

99-6 

46-40 

3 

32816-2 

46-42 

3 

1 

32-3 

*    44-91 

2 

1           % 

41-69 

44-36 

2 

" 

38-2 

42-22 

3 

! 

61-3 

37-47 

1 

32912-6 

37-00 

2ii 

17-8 

34-36 

3 

1 

46-6 

33-86 

1 

1 

61-9 

33-22 

2 

1 

^ 

68-9 

82-63 

<1 

1 
I 

66-8 

31-97 

In 

• 

72-6 

29-91 

2 

j 

;; 

94-9 

29-06 

In 

1 

33004-2 

28-49 

<1 

1 
♦  Cf.  Krypton  II.  3044-92  (1). 

ff 

(- 

10-4 

Digitiz 

ed  by  v: 

iooQle 
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Second  Xenon  SPfbCTRVU—eofttinued. 


Range 


1                           ' 
Intenaity     Liyeing  and 

Wavelength 

and 
Character 

Dewar         , 

1 

3027-77 

1      1                 ! 

27-41 

1 

26-66 

3                      I 

23-»9 

5 

23-83 

6 

20-47 

1 

19-96 

<1 

17-89 

<1          ! 

17-68 

4         i 

16-91 

1         i 

16-67 

2 

14-77 

3 

14-32 

2 

13-63 

1       1 

13-06 

i   <^        1 

12-46 

<l 

11-44 

<1         1 

10-86 

i      3       ! 

0916 

3 

04-81 

1 

04-48 

4 

04-11 

3 

0201 

3 

01-70 

3 

00-12 

<1 

2999-44 

2 

99-24 

2n 

97-69 

2 

9611 

1                             ! 

94-86 

2                                    ' 

93-07 

6         < 

91-91 

<1 

91-66 

2 

91-42 

3                                    [ 

90-74 

1 

90-48 

1                    : 

8700 

2                                    1 

86-32 

3 

86-72 

4 

84-77 

4 

82-39 

3 

81-47 

2 

80-26 

<1                                    i 

79-48 

0 

76-96 

<1 

76-68 

3 

74-97 

2 

73-66 

3 

72i8 

1 

71-40 

2 

71-08 

1 

70-66 

3 

70-29 

1 

69-96 

2 

69-63 

1 

Reduction  to 

1 

Vacuum 

i  Oflcillation 

1  Frequency  ' 

-  i ;- 

in  Vacuo 

1 

0-86       9-4 

33018-2 

fy               »f 

221 

ft               ft 

30-3 

9T> 

69-4 

*f           tt 

611 

0-85 

97-9 

>t           t» 

33103-6 

(»           »> 

26-2 

f>           *» 

29-6 

480 

•  *                      9* 

51-7 

tf                     tf 

60-6 

66-6 

*t                 r* 

74-2 

tf                 ft 

79-5 

ft                 tf 

86-1 

ft                 f* 

97-2 

ft                 tf 

33203-7 

>*                  *t 

22-4 

It                 ft 

70-8 

f*                  11 

74-1 

ft                 t> 

78-2 

ft                 ft 

33301-6 

05-0 

t»                 ft 

22-6 

ft                 It 

301 

32-3 

^ 

49-6 

\'t          9-6 

78-2 

M                     f* 

83-2 

33400-9 

13-9 

16-8 

19-3 

^^ 

26-9 

29-9 

67-6 

^^ 

76-4 

83-2 

933 

0-84        " 

33620-6 

1 
If           >* 

30-9 

44-5 

63-3 

81-8 

86-0 

1*                 r* 

33604-2 

19-1 

32-3 

,         44-6 

II                 If 

48-2 

9-7 

1         630 

67-0 

1 

60-9 

1*     '     ^^ 

64*5 

Digitized  by  vjv 
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Second  Xenon  BpiAcrnvM—eontifiwd. 


I 


I  .  Intensity     Liveing  and 

j  Wave-length  |      and  Dewar 

,Cbaractor 


2969-42 

1 

68-74 

3 

6711 

3 

65-13 

3 

64-35 

3 

63-59 

3 

61-69 

1 

♦    60-93 

2 

60-53 

3 

59-65 

4 

67-77 

6 

5605 

1 

6508 

<1 

64-84 

1 

54-27 

3 

54-08 

1 

51-73 

1 

50-91 

<1 

49-88 

2n 

48-23 

4 

47-69 

5 

46-52 

1 

45-71 

2 

45-41 

5 

44-78 

1 

43-59 

2 

43-07 

1 

42-25 

4 

41-55 

3 

40-37 

5 

39-89 

3 

39-29 

4 

38-38 

<1 

37-61 

<1 

3603 

6 

34-98 

1 

32-92 

4 

32-27 

3 

30-44 

5 

29-41 

1 

28-20 

<1 

27-74 

<1 

27-30 

1 

26-27 

4 

25-58 

<1 

2511 

<1 

24-66 

1 

2412 

3 

23-68 

4 

22-62 

<1 

2210 

<1 

21-74 

<1 

2005 

3 

Range 


}905. 


Cf.  Krypton  U.  2960-93  (2}. 


Reduction  to 

Vacuum 

Oscillation 

Frequency 

A  + 

1 
A 

in  Vacuo 

0-84 

9-7 

33666-9 

ft 

»t 

74-6 

>» 

tt 

93-1 

f» 

tt 

33715-6 

»» 

24-5 

If 

tt 

331 

f» 

53-4 

fi 

,, 

63-5     ; 

>f 

ft 

680     ' 

»f 

„ 

79-2 

r* 

If 

99-5 

f> 

ff 

33819-2     1 

»t 

»f 

30-3     ! 

f> 

tt 

331     , 

»» 

39-6 

tt 
»» 
tt 

»» 

tt 

41-8 
68-7 

78-1     ! 
900 

»» 

tt 

33908-9     1 

tf 

15-2 

>» 

J, 

28-6 

If 

♦» 

380 

♦  > 

9-8 

41-4 
486 

t) 

•» 

62-3 
68-3 

0-83 

>f 

77-8 

»> 

tt 

86-0 

»» 

99-5 

tf 

34005-1 

f> 

120 

»t 

22-5 

tt 

31-5 

tt 

49-8 

tt 

620 

tt 
tt 

85-9 

93-5 

34114-8 

tt 

26-8 

„ 

40-9 

tt 

46-2 

tt 

51-4 

*9 

63-4 

tt 

71-6 

tt 

77-0 

tt 

83-4 

tt 

88-5 

tt 

93-7 

>l 

34206-1 

»» 

12-2 

»» 

16-4 

f* 

9-9 

36-1 

Digit 

Lzed  by  V 

jOoqIc 
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Sbcond  Xenon  STEOTRVK^continved. 


Wave-length 


I  Intensity!     Liveing  and 

and  Dewar 

Character 


I   Bednction  to 
Vacuam 


Knnge 


A  + 


Oscillation 

Frequency 

in  Vacuo 


2918-74 

<1 

17-76 

4 

16-81 

3 

15-87 

<1 

15-22 

1 

14-28 

4 

12-56 

5n 

1206 

5 

11-63 

1 

11-38 

<1 

10-64 

1 

07-35 

4 

06-71 

5 

05-26 

<ln 

04-79 

<1 

04-32 

1 

02-84 

1 

02-47 

1 

00-59 

1 

2«99-56 

<1 

98-97 

<1 

98-65 

1 

98-19 

1 

97-85 

1 

96-79 

4 

96-20 

<1 

95-40 

4 

91-86 

4 

- 

90-81 

<1 

9014 

2 

89-22 

2 

88-74 

<1 

87-29 

2 

86-86 

3 

84-39 

<1 

83-89 

2 

79-9 1 

1 

77-87 

1 

73-6r. 

2 

72-91 

1 

71-8.-* 

4 

71-4:j 

3 

71-27 

5 

69-71 

<1 

68-61 

1 

67-60 

1 

66-9(5 

1 

64-92 

4q 

64-32 

1 

64-00 

<1 

62-50 

3 

62-00 

1 

6803 

1 

67-29 

<ln 

56-80 

I 

0-83   9-9   34261-5 
63-0 
741 
96-2 
92-8 
34303-9 
24-1 
„   .    30-0 
351 
M   '    381 
„   ;    48-0 
»   ,    86-7 
„  I    93-3 
„  I  344104 
160 
21-6 
82    „      39-1 
43-6 
,   M   ,    65-8 
!   „   '    781 
I   „      85-1 
88-9 
i   »      94-4 
I   „      98-4 
10-0   34511-0 
,   „   ;    180 
27-6 
I   „      69-8 
82-4 
I   „      90-4 
„   I  34601-4 
07-2 
M   ;    24-6 
29-7 
I   „   i    69-4 
I   „      66-4 
34712-9 
I  ,.      37-8 
I  „      88-9 
97-9 
101   34810-7 

I  „      17-7 
36-6 

1     „     I         62-9 
1     M  700 

0-81        „  94-9 

I     „         34902-2 
I     „  061 

.     „  23-7 

t      „  29-8 

79-0 
I     „      i         88-X 
/»>  94-1 

Digitized  by  VjOO^  I' _ 
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I 
Inteneity     Liveing  and 

Waye-Iength 

and               Dewar 

Character 

2855-92 

1         1 

55-42 

<1         1 

54-70 

4n      1 

63-78 

1        j 

53*28 

<i    ' 

52-55 

2n                                   ; 

5110 

1       !                        1 

50-41 

47-81 

4 

46-63 

2n      1 

4607 

2        1 

45-26 

2                                 1 

•    44-60 

3 

44-28 

41-46 

<  1 

•    41-10 

1 

40-22 

<1 

39-75 

38-99 

38-65 

3703 

<1 

36-32 

<  1 

3616 

<1 

33-32 

3308 

32-69 

<1 

32-19 

<1        ' 

29-35 

28-84 

1        1                          ' 

28-37 

1        i                          ' 

2801 

1        '                          1 

27-62 

2706 

2a      ' 

26-18 

24-25 

1 

22-67 

22-36 

20-22 

19-87 

2 

17-51 

8 

1 

16-10 

5 

! 

14-62 

6 

•     11-81 

3 

1 

10-67 

2 

low 

<1 

1 

09-68 

09-28 

^ 

08-77 

07-89 

06-83 

<1      . , 

06-24 

1 

04-82 

0815 

2 

Second  Xenon  Sfectrvm— continued. 


Bunge 


•  Of.  Kryirton  U,  2844-60  (3J.  2841 10  (1),  2611-81  (2|.^  <  GoOQk  


Reduction  to 

1      ^■"""^      ;  oscillation 

1 

'  Frequency 

^^          1  _      in  Vacuo 

^       1 

0-81 

101 

35004-9 

1 

110 

»» 

^^ 

19-9 

»» 

31-2 

tt 

^^ 

37-3 

19 

68-6 

9* 

>• 

641 

ft 

f» 

72-6 

»l 

10-2 

36104-6 
19-1 

»♦ 

I* 

260 
360 

»t 

44-1 

>f 

481 

^ 

830 

»> 

87-4 

98-3 

»f 

99 

36204-2 

»» 

13-6 

ft 

190 

9f 

99 

37-9 

fV 

46-7 

61-2 

» 

y» 

84-1 

»» 

»» 

87-1 
93-2 

9f 

98-2 

»» 

f> 

36323-6 

»f 

40-0 

9» 

i» 

46-8 

60-4 

»> 

" 

66-2 

62-2 

»> 

t) 

73-2 

0-80 

97-4 

>» 

10-'3 

364171 

If 

210 

>f 

99 

47-9 

t$ 

62-3 

>i 

820 

99-8 

» 

»f 

35618-6 

ty 

640 

y> 

f» 

68-4 

f» 

»9 

76-9 

>i 

99 

80-9 

yi 

86-6 

1          '* 

92-6 

1     „     1     „     1   36610-0 

1     „          »         >     17-1 

'     ,.          ./ 

K  37-8 

'           M           1           .. 

42-6 

»> 

>. 

I  i  63-8 
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BEPOKT— 1903. 
Second  Xenon  SFEcyrnvM^Mntinued. 


Intensity 

Wave-length 

and 

Character 
5 

2800-37 

279801 

2 

97-74 

1 

97-29 

3 

96-73 

2 

95-00 

6 

89-64 

1 

86-95 

1 

85-53 

1 

SS'IO 

1 

83-49 

4 

82-86 

2 

82-45 

1 

80-86 

1 

8002 

1 

79-78 

2 

78-11 

3 

77-10 

4 

74-99 

3 

74-02 

1 

73-68 

2 

72-64 

4 

70-56 

1 

69-35 

2 

67-96 

1 

67-71 

1 

66-33 

2 

6610 

1 

63-71 

<1 

6318 

1 

62-90 

2 

61-73 

4 

60-88 

3 

69-87 

<1 

69-36 

3 

58-55 

1 

6802 

3n 

67-76 

In 

*    66-64 

1 

65-08 

3 

54-80 

2 

6406 

<1 

61-09 

1 

48-96 

<ln 

4802 

3 

44-26 

1 

43-71 

<1 

43-24 

In 

40-93 

3 

39-91 

1 

39-40 

1 

37-18 

2 

34-31 

5n 

Liveing  and 
I         Dewar 


Redaction  to 


♦  Cf.  Krypton  IX.  2766^  (IJ. 


Vacuum 

1 
Oacillaiion  ' 

K  + 

1 

Frequency 
in  Vacuo 

0-80 

10-3 

35699-3 

ft 

10-4 

36729-4 

»> 

.. 

32-7 

" 

»» 

38-5 

'     ft 

If 

45-6 

>» 

>» 

67-8 

f* 

ff 

35836-5 

»» 

ff 

84-0 

ft 

f> 

89-4 

1     II 

If 

950 

0-79 

ff 

35915-7 

» 

ff 

23-8 

»» 

ff 

291 

1 
»> 

ff 

49-7 

ft 

If 

60-5 

ft 

ff 

63-7 

ft 

,f 

85-3 

ft 

f» 

98-4 

ft 

10-5 

36025-6 

1     " 

fi 

38-3 

1     " 

If 

42-7 

!     tt 

ff 

57-6 

ft 

fi 

83-3 

ft 

II 

99-0 

ft 

.. 

36117-2 

»> 

20-4 

»t 

If 

38-5 

» 

ff 

41-6 

}> 

ff 

72-7 

»» 

fi 

79-7 

t> 

ff 

83-3 

II 

ff 

98-7 

>» 

ff 

36209-8 

»» 

ff 

23-1 

ft 

ff 

29-8 

»» 

11 

40-4 

11 

ff 

47-4 

ft 

ff 

50-8 

» 

ff 

62-4 

»> 

ff 

86-1     ' 

»i 

ff 

89-8 

1 
ft 

ff 

99-7 

>i 

106 

36338-6 

tt 

»> 

66-8 

ft 

ff 

79-3 

ft 

If 

364291 

9' 

ff 

36-4 

If 

ff 

42-6 

0-78 

>f 

73-3 

>f 

ft 

87-0 

»» 

ft 

93-7 

»f 

*> 

36623-4 

$f 

ff 

E^61-7 

Digitized  b 

yGo 

ode. 
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Sboond  Xbnon  Sfectilvm— continued. 


Reduction  to 

Wave-length 

Intonsity 

Lireing  and 

1      Vacuum 

Oscillation 

and 
Character 

J>ewAt 

Runge 

I-:-'-; 

Frequency 
in  Vacuo 

273411 

1 

0-78     10-6 

36664-4 

♦    33-36          4n 

; 

99            '            »f 

74-4 

32-48 

1 

»»              tt 

86-2 

31-61 

1 

9» 

tt 

97-8 

28-37 

2 

>» 

ft 

36641-3 

27-38 

3 

•» 

tt 

64-6 

26-46           2 

tf 

10-7 

80-6 

24-71     1    <1 

t$ 

ft 

90-5 

♦    23-56        <1 

tt 

tt 

36706-1 

23-09           1 

tt 

tt 

12-3 

20-41 

1 

!      „ 

tt 

48-6 

18-92 

<1 

1 

tt 

68-6 

17-47 

7        ' 

tt 

tt 

88-2 

16-91 

1 

tt 

tt 

36809-4 

1507 

4 

1 

tt 

t$ 

20-7 

14-20 

<1 

1 
1 

tt 

tt 

32-6 

13-60 

1 

!                                   1 

1      »f 

tt 

421 

1206 

1 

1                                   1      » 

99 

61-6 

11-69 

2n 

1      » 

tt 

66-7 

11-16 

1 

»t 

tt 

73-9 

08-65 

3 

tt 

tt 

3690S-1 

07-49 

2n 

tt 

tt 

23-9 

07-15 

1 

tt 

tt 

28-7 

06-89 

2 

tt 

tt 

321 

04-61 

1 

tt 

tt 

63-2 

03-68 

4 

tt 

tt 

77-3 

02-48 

3 

tt 

10-8 

92-2 

01-99 

1 

tt 

•t 

990 

01-71 

1        j 

tt                    tt 

37002-8 

2699-29 

In      ' 

»»          '          tt 

360 

27-70 

1        1 

0*77  1     „ 

67-8 

♦    96-72 

4 

1 
tt          tt 

71-3 

9608 

1        1 

tt 

tt 

800 

95-52 

1 

tt 

tt 

87-8 

96-28 

1 

tt 

tt 

91-1 

94-27 

2 

tt 

tt 

371050 

♦     91-92 

1 

tt 

tt 

37-4     1 

91-63 

1 

tt 

tt 

41-4     ' 

91-44 

1 

tt 

tt 

440 

•    90-33 

1 

tt 

tt 

59-4 

89-82 

In 

tt 

tt 

66-4     ! 

87-12 

3 

tt 

n 

37203-8     ! 

85-73     i       1 

M 

tt 

230     1 

85-49 

<1 

f> 

tt 

26-4 

82-84 

In 

tt 

9t 

631  ; 

80-12 

1 

• 

9$ 

tt 

373010 

79-57 

<1 

ff 

»> 

08-6 

78-70    :      2        ; 

M 

10-9 

20-6 

♦    77-29    1      8 

>ff 

tt 

40-3     1 

76-22    ,   <1 

»» 

tt 

65-2 

76-61 

<1 

» 

N 

65-1 

73-96 

2n 

l» 

ft 

87-0 

72-36 

3 

tt 

tt 

1   37409-3 

•  Cf.  Krypton  H.  273338  (4],  2323-46  (1),  2696-71  (4J,  2691-94  (IJ, 

2690-36  (1% 

2677-30(2). 

Di 

gitized  by 
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Second  Xenon  Spectrum— eontinmd. 


Wave-length 


♦2870-80 
70-40 
6912 
68-14 
66-30 
64-97 
64-61 
63-43 
62-60 
61-99 
6114 
59-61 
68-37 
66-57 
53-47 
52-93 
52-28 
51-69 
60-34 
49-76 

•  48-79 
43-89 
43-66 
42-68 
41-25 
39-30 
37-63 
36-95 
36-58 
35-78 
35-20 
34-33 
34-05 
33-53 
30  56 
29-70 
27-10 
26-12 

•  24-66 
23-31 
21-88 
21-52 
20-07 
19-83 
1706 

t  16-79 
16-83 
16-64 
1413 
12-61 
1M7 
10-73 


Intensity 

and 
Character 


2n 


Liveing  and 
Dewar 


Beduotion  to 

Vacuum 

Oscillation 

Runge 

1     « 

Frequency 
in  Vacuo 

X  + 

A 

K~ 

0-77 

10-9 

37431-1 

>r                 »» 

36-7 

»>        1        »> 

64-6 

tt                »» 

68-4 

»» 

»» 

37608-3 

^     I 

2         I 

2     : 


3n 


0-76      11-0 


111 


tf 

» 

»» 

>t 

»t 

»f 

f» 

ft 

»> 

» 

»» 

»» 

n 

» 

n 

" 

>» 

„ 

»• 

130 
180 
34-7 
46-4 
660 
670 
90-0 

37616-1 
46-8 
76-6 
83-2 
92-4 

37700-8 
200 
28-3 
421 

37812-1 
16-8 
29-4 
49-9 
77-8 
87-5 

37911-6 
16-9 
28-4 
36-8 
49-3 
53-3 
60-8 

38003-6 
16-0 
24-7 
38-9 
89-2 

38108-7 
29-6 
34-7 
65-8 
69*3 
99-7 

3i5203-7 
17-7 
21-9 
42-5 
64*8 
86-9 
92-4 


f  ^  ♦  <7/.  Krypton  IT.  2670-78  (1).  2648-80  (1),  2624-63  (1). 

::        ,      TC/.  Krypton  11.  2616-80  (2,  ,,,,,.. GoOgk 
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Second  Xbnon  B^saTRVU^cofitinved. 


Reduotion  to 

Intensity 

Liveing  and 

\Acuum 

Oscillation  | 

Wftve-lexLgih 

and 

Dewar                     Range            . 

Proqueiicy 

Character 

'-     I- 

in  Vacuo 

. 

_ 

2609-04 

3 

1                                  0-75     11-2 

38317-2 

07-68 

1 

»           f^ 

37-1 

0709 

2 

tf                    M 

45-8 

06-60 

10 

;                                             "       ,       »» 

06-4 

00-29 

3 

>»             »• 

384461 

2599-77 

<1 

"           *' 

53-7 

98-69 

Sn 

»t      1      •♦ 

71-2 

97-14 

4ii 

f»      1      »» 

92-7 

96-19 

1 

« 

38521-6 

94-81 

i 

»9            '            »» 

27-3 

93-70 

<1         i 

»»     ;     ft 

43-5 

91-84 

2 

I 

t>                         9t 

71-4 

91-26 

1 

»»                         »» 

801 

90-59 

3 

»»                         t» 

90-1 

88-52 

1 

..        U-3 

38620  8 

87-72 

1 

»>                    »» 

32  8 

86-45 

1 

»>                     >t 

66  7 

84-04 

1 

>»          {          »» 

87-8 

83-90 

1 

f*          '          »» 

89-9 

82-74 

1 

1          ft                    ft 

97-3 

*    81-84 

In      1 

\          tt          .          »l 

38720-8 

78-80 

2        1 

»»            tf 

66-4 

78-51 

3        1                           1 

tt            tt 

70  8 

77-11 

3                  '                                                                                                                                             t9           '           99 

91-9 

7418 

In                               1                                  »          9» 

388360 

73-06 

1                                                                                     1                                                                                      tt                        99 

52-9 

1      *    72-46 

2 

'»»!»» 

620 

'           70-41 

1 

w               »» 

93-0 

69-53 

1 

1       »*       1       »» 

38906-3 

68-94 

2                                                                     ,,          » 

15-3 

67-62 

<i                                               1    „      n-4 

36-2 

67-26 

1 

!»»'•» 

40-8 

65-00 

<i 

1       »»               »» 

73-6 

64-12 

1 

!   0-74        „ 

88-3 

6104 

2 

M          1          tt 

39036-2 

60-11 

1 

ft      1      »» 

49-4 

57-91 

1 

f*      j      »» 

83-0 

56-30 

I 

•f      1      >» 

39107-6 

51-85 

2 

*f            tt 

76-8 

50-70 

1 

ft           tt 

93-5 

49-92 

3 

',.!.. 

39205*5 

49-05 

1 

„     n-6 

18-8 

46-89 

<1 

»»              »» 

521 

46-57 

In 

"              »» 

570 

44-27 

1 

>»              » 

92-5 

42-03 

1       1                     ! 

••       1       >* 

39327-1 

41-22 

<  1       1                                              1    ,»        »» 

39-7 

39-08 

1 

1        »»                 »» 

72-8 

3816 

1 

1 

I        »»                 » 

87-1 

37-04 

2 

39404-6 

86-08 

2 

19-4 

33-47 

2 

!     ,^          „ 

60-1 

31-45 

In 

>»              f» 

91-5 

Qi.  Krypton  11.  2681-W  (1).  2572-44 (1^^^,^^^^  ^yGoOgk' 
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SECOND  Xbnon  SvKCTBJJU^eontinnrd, 


In  tensity 

Wave-length 

and 

Character 

2630-33 

27- 10 

26-97 

24-58 

24-13 

21-68 

20-28 

1917 

3n 

17-21 

In 

15-26 

14-85 

<  1 

14-70 

<  1 

1416 

In 
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The  Studjf  of  IT !/drO' Aromatic  Suhstanoes. — Tleport  of  (lie  Committee, 
consisting  o/Dr.  E.  Divers  {Ghaimvm),  Professor  A.  W.  Crossley 
{Secrefainj),  Professor  W.  11.  Perkin,  Dr.  M.  0.  Forster,  and 
Dr.  H.  li.  Le  Sueur, 


Becent  Work  on  Hydro- Aromatic  Substances, 
By  Professor  A.  W.  Crossley. 

The  following  is  a  summary  of  the  work  published  on  hydro-aromatic 
compounds  since  the  preparation  of  the  last  report.* 

Petroleum. — The  colourless  and  yellow  distillates  from  naphtha  give 
rotations^  varying  from  -fO-2  to  +2-3  divisions  of  the  Soleil-Ventzke 
scale  in  a  tube  200  mm.  long,  the  highest  value  being  given  by  yellow 
cylinder  oil  from  Baku  naphtha.  *  Benzine '  and  petroleum  from  Grosny 
naphtha,  also  the  yellow  American  cylinder  oil  *  Viscolite,'  exhibit  dextro 
rotations. 

Hydrocarbons. — The  hydrocarbon  CgH,c,  obtained  by  Wreden  by  the 
action  of  hydriodic  acid  on  camphoric  acid,  has  been  regarded,  from  a 
consideration  of  its  physical  properties  only,  as  1  :  3-dimethylhexahydro- 
benzene.  Balbiano  and  Angeloni  ^  have  now  afforded  chemical  proof  of 
this  fact  by  a  study  of  the  oxidation  products  of  the  hydrocarbon. 

Another  hydrocarbon  of  the  formula  CgH,6  was  prepared  indirectly 
from  camphoric  acid,  i.e.,  by  the  reduction  of  laurolene  (C8H14)  and  iso- 
laurolene  (CgH,4)  by  Zelinsky*  and  Lepeschkin  in  1901,  who  considered, 
principally  from  a  study  of  its  physical  properties,  that  it  was  the  then 
unknown  1  :  1-dimethylhexahydrobenzene.  This  latter  substance  has 
recently  been  obtained  from  dimethyldihydroresorcin  as  a  starting-point,^ 

"  Reports,  1904,  p.  60.                    «  Raknsin,  J.  Russ.  CJiem.  Soc,  1904,  36,  554, 
»  Oaz.  Chim.  Italy  1905,  85  (1),  144.                    *  Annalen,  819,  31 1.  -^  t 
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the  various  steps  involved  being  adequately  indicated  by  the  following 
formuliB  : — 

C(OH,),  C(CH,),  C(CH,), 

H,C  ,/\  CH,  H,C  /\  CH,  HjC  /\  CH, 


HO.C  I         I  CO  CIC 


CO  H,C  I        J  CHOH 


CH  CH  CH, 

C(CH,\  C(CH,), 

H,C  /\  CH, 


H,C 


CHBr 


H,C  /\  CH, 
H,C  I         I  CH, 


CH,  CH, 


It  has  not  so  far  been  found  possible  to  prove  whether  the  synthetical 
1  :  1-dimethylhexahydrobenzene  is  identical  with  Zelinsky's  hydrocarbon, 
though  preliminary  experiments  would  point  to  their  non-identity. 
Certainly  neither  laurolene  nor  isolaurolene  is  identical  with  1  : 1 -dimethyl- 
A'-tetrahydrobenzene,  which  has  also  been  recently  prepared.^ 

Chloromethylhexahy  drobenzene.  ^ 

Brunei '  has  shown  that  tetrahydrobenzene  may  be  prepared  directly 
from  hydroxyhexahy drobenzene  by  the  action  of  dehydrating  agents,  e.g,^ 
phosphoric  oxide,  zinc  chloride,  or  potassium  hydrogen  sulphate.  In  the 
latter  case  the  yield  amounts  to  82  to  83  per  cent,  of  the  theoretical,  the 
loss  being  due  to  the  formation  of  condensation  products.  When  tetra- 
hydrobenzene  ^  is  acted  on  with  mercuric  oxide,  iodine,  and  acetic  anhy- 
dride, or  with  mercuric  acetate  and  iodine,  iodocyclohexyl  acetate  is  obtained 
as  a  yellow  oil  with  aromatic  odour.  Iodocyclohexyl  propionate  is  also 
described. 

On  carefully  heating  the  xanthogenic  ether  of  1- hydroxy- 2-roetby|- 
hexahy drobenzene  ^  a  hydrocarbon  is  obtained  which,  as  it  gives  /3-methyl- 
adipic  acid  on  oxidation,  must  be  1 -methyl- A^-tetrahydrobenzene. 

Methyltetrahy drobenzene.^     (Compare  p.  155.) 

The  preparation  and  properties  of  A^ '-  *-dihydrobenzene,  briefly  alluded 
to  in  the  lasr  report,^  have  been  described  in  detail.^ 

ffydrogenatian^—SBh&tier  and  Senderens  '  have  published  a  general 
survey  of  their  work  on  the  reduction  of  various  classes  of  organic 
substances  by  means  of  hydrogen  in  presence  of  finely  divided  metals. 
The  first  {K>rtion  of  the  paper  contains  a  description  of  the  apparatus 
employed,  choice  of  temperature,  length  of  activity  of  the  catalyst,  iLc. 
Then  follows  a  description  of  the  various  substances  which  have  been 
prepared.  The  great  importance  of  choice  of  temperature  in  this  reaction 
is  well  illustrated  by  the  case  of  phenol.  At  140®  to  160°  pure  hydroxy- 
hexahydrobenzene  is  obtained;  at  215®  to  230®  a  mixture  of  hydroxy- 

>  Crossley  and  Renouf,  Proe.  C.  A,  1905,  81,  209. 

*  Sabatier  and  Mailhe,  Gompt.  Rend.,  1905,  140,  840. 

*  JBulL  Soc,,  1906  (3),  38,  270. 

*  Brunei,  Compt.  Bend,,  1904,  189,  1029. 

*  Markownikoff  and  Stadnikoff,  Annalen,  1904,  886,  310. 
'  Sabatier  and  Mailhe,  CompU  Rend.,  1906, 140,  360. 

»  ReporU,  1904,  p.  66.  •  Crossley,  J,  C.  5.,  1904,  85,  1403. 

»  Ann.  CHm.  Phyt,,  1905  (8),  4,  319.  (' 
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and  ketohexahydrobenzene  ^ ;  but  at  250°  to  300°  the  benzene  ring  is 
not  hydrogenated,  phenol  being  simply  reduced  to  benzene  ;  whilst  at  still 
higher  temperatures  the  benzene  formed  is  partially  decomposed  into 
methane. 

Holleman,  Van  der  Laan,  and  Slejper,^  have  shown  that  when  phenol 
18  passed  with  hydrogen  over  reduced  nickel  at  a  temperature  of  140°  to 
150°  a  mixture  of  hydroxy-  and  ketohexahydrobenzene  is  formed.  These 
two  substances  may  be  separated  by  taking  advantage  of  the  formation  of 
a  condensation  product  between  the  ketone  and  benzaldehyde.  Similar 
experiments  have  been  previously  described  by  Sabatier  and  Senderens.^ 

Hydraxy-deriwUives,  —  On  heating  heptanaphthylene  oxide  *  with 
water  it  is  converted  into  3  :  4-dihydroxy-l-methylhexahydrobenzene.* 

Ketohexahydrobenzene  is  readily  converted  by  means  of  Grignard's 
reaction  into  tertiary  alcohols  of  the  following  type  ^  : — 

yCH,-CH,v 
CH  /  >CR.OH 

\CH,— CH,/ 

substances  which  are  insoluble  in  water,  and  which  on  treatment  with 
dehydrating  agents  are  converted  into  the  corresponding  tetrahydro- 
benzenes.  Alcohols  in  which  B  may  be  replaced  by  the  groups  methyl, 
ethyl,  propyl,  isobutyl,  isoamyl,  phenyl,  tolyl,  benzyl  and  cyclohexyl, 
together  with  certain  derivatives,  and  the  corresponding  tetrahydro- 
benzenes,  are  described. 

The  hydrogenation  of  ocresol  ^  takes  place  regularly  in  presence  of 
reduced  nickel  at  200°  to  220*»,  giving  rise  to  l-hydroxy-2-methylhexa- 
hydrobenzene.  When  this  substance  is  heated  with  zinc  chloride  two 
isomeric  methyltetrahydrobenzenes  are  formed,  boiling  respectively  at 
109°  and  103°  to  105°.  The  hydroxy  derivative  can  be  converted  by 
oxidation  with  chromic  acid,  or  better  by  passing  its  vapour  over  copper 
heated  to  300°,  into  l-keto-3-methylhexahydrobenzene.  m-Cresol  on 
.  hydrogenation  gives  a  mixture  of  1 -hydroxy-  and  l-keto-3-methylhexa- 
hydrobenzene,  which  can  be  worked  up  for  either  alcohol  or  ketone,  in  the 
first  case*  by  passing  the  product  with  excess  of  hydrogen  over  reduced 
-nickel  at  a  temperature  of  140°  to  150°  ;  and,  in  the  second,  by  passing 
the  mixture  with  hydrogen  over  copper  at  a  temperature  of  330°.  Similar 
experiments  have  been  carried  out  with  />-cresol. 

The  methyl  and  ethyl  ethers  of  hydroxyhexahydrobenzene  ^  may  be 
prepared  either  by  the  action  of  alkyl  iodide  on  the  sodium  derivative  of 
the  alcohol,  or  by  the  reduction  of  the  corresponding  alkyl  phenyl  ethers. 

Amines. — ^When  aniline  is  passed  with  hydrogen  over  reduced  nickel  ^ 
heated  to  190°  ammonia  is  evolved,  and  there  are  formed  in  nearly  equal 
amountscyclohexylamineC(;H,  ,.NH2;dicycloliexylamineC6Hi  pNHCgH, ,, 
and  cyclohexylaniline  CfiHg.NH.CeH,,.  Diphenylaraine  gives,  under 
similar  conditions,  a  mixture  of  cyclohexylaniline,  dicyclohexylaniline,  and 
small  amounts  of  benzene,  aniline,  and  cyclohexylamine.     If  the  tempera- 

»  Compt.  Bend.,  1903,  187,  1025.  «  Bee.  Trav,  Chim.,  1906,  84,  19. 

•  Compt.  Bend ,  1903, 137,  1025. 

•  Markownikoflf  and  Stadnikoff,  J.  Buss.Chim.  Soe.,  1903,  35,  389 

•  Stadnikoff,  iHd.,  1904,  36,  485. 

'  Sabatier  and  Mailhe,  Compt.  Betid.,  1904,  138,  1321. 
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ture  be  increased  to  250°,  diphenylamine  is  completely  broken  down  into 
ammonia  and  hexahjdrobenzene. 

At  temperatures  of  160°  to  180°  the  methyl  and  ethyl  anilines  ^  are 
readily  converted  into  hexahydro-derivatives  without  the  formation  of 
any  condensation  products,  though  small  quantities  are  decomposed  into 
hexahydrobenzene  and  a  fatty  amine.  At  higher  temperatures  the  re- 
action  is  much  more  complicated. 

The  preparation  and  properties  of  cyclohexyl-  mono-  anddiethylamines, 
and  of  cyclohexyl-  mono-  and  dimethylamines  are  described. 

The  hydrogenation  of  m-toluidine,  which  takes  place  with  difficulty 
at  all  temperatures,  probably  because  the  products  are  difficultly  volatile, 
gives  at  200°  a  mixture  of  hexahydro-m-toluidine,  dimethylcyclohexyl- 
amine  and  methylcyclohexylaniline. 

Ketones, — 1  :  4-diketohexamethylene  ^  condenses  with  benzaldehyde 
under  the  influence  of  hydrogen  chloride  to  form  benzylhydroquinol  (3), 
which  may  be  formed  by  the  rearrangement  of  the  benzylidene  derivative  (1) 


CO 


CO 


C.OH 


OJI,.CH 


=  c/\ 


n.,c 


CO 


CH, 


CH, 


?,h,.ch/ 


HO 


/\  CH,        0,H3.CH.C 


\hc 


CO 


CH, 


HO 


% 


CH 


C.OH 


CH 


or  of  the  norcaran  derivative  (2).  On  oxidation  with  chromic  acid  it  gives 
benzylquinone.     Anisaldehyde  gives  similar  derivatives. 

Biltz  *  has  shown  that  by  chlorinating  o-  and  /?-hydroxybenzaldehyde 
chlorinated  ketotetrahydrobenzenes  are  obtained. 

l-keto-3-methylhexahydrobenzene  gives  on  treatment  with  sodaraide^ 
a  sodium  derivative,  which  reacts  with  alkyl  iodides  to  give  l-keto-3- 
niethyl-6-alkylhexahydrobenzenes.  All  the  ketones  described  give  benzyl- 
idene derivatives,  which  on  oxidation  with  potassium  permanganate  in 
acetone  solution  give  the  corresponding  a-methyl-a'-alkyladipic  acids. 
Alcohols  have  been  prepared  from  the  above  ketones  by  reduction  with 
sodium  in  alcoholic  solution. 

3-keto-4:-benzyl-l-methylhexahydi*obenzene  and  3-keto-2  :  4-dibenzyl- 
1  -methylhexahydrobenzene.^ 

Dieckmann  and  Stein  ^  have  been  led  to  the  conclusion  that  the 
formation  of  C-acetyl  derivatives  of  1  :  3-dicarbonyl  compounds  by  the 
action  of  acetic  anhydride,  only  takes  place  under  the  influence  of  con- 
densing agents ;  e.^.,  dimethyl-  and  phenyldihydroresorcins  with  acetic 
anhydride  alone  give  their  0-acetyl  derivatives  (1),  which  are  neutral 
bodies,  not  giving  a  colour  reaction  with  ferric  chloride,  and  very  readily 
decomposing  into  acetic  acid  and  substituted  dihydroresorcin. 


H,C 

C(C 

/\ 

1 

CH, 

C(C 
HC,  /\ 
2 

CH, 

CHjCO.OC  L      J  CO 
CH 

OC           .   CO 
CH.CO.CH, 
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On  the  other  hand,  with  acetic  anhydride  in  presence  of  only  traces 
of  alkali  0-acetyi  derivatives  are  formed  (2).  In  contradistinction  to  the 
O-acetyl  derivatives,  these  bodies  have  marked  acid  properties,  and  give 
an  intense  ferric  chloride  reaction.  On  boiling  with  mineral  acids  they 
are  decomposed  into  acetic  acid  and  substituted  dihydroresorcin,  and 
oxidation  with  sodium  hypobromite  converts  them  into  substituted 
glutaric  acids. 

0-acetyl  derivatives  are  converted  into  C-acetyl  derivatives  by  heating 
with  acetic  anhydride  and  a  trace  of  alkali. 

The  possibility  of  using  condensing  agents  other  than  alkali  has  been 
experimented  on,  and  it  is  shown  that  dimethylaniline  and  quinoline 
produce  0-acetylation  ;  pyridine  and  tripropylamine  produce  C-acetyla- 
tion,  and  concentrated  sulphuric  acid  principally  C-acetylation,  but  to  a 
small  extent  0-acetylation. 

Acids, — The  fractions  obtained  in  the  distillation  of  petroleum  may 
be  converted  into  the  corresponding  carboxylic  acids  ^  by  chlorinating, 
adding  magnesium  and  a  catalytic  agent,  passing  a  current  of  carbon 
dioxide,  and  decomposing  the  complex  magnesium  compound  thus 
obtained.  The  method  is  more  particularly  applicable  for  the  preparation 
of  fatty  acids,  but  the  fraction  boiling  at  80°  to  82°  yields  pure  hexa- 
hydrobenzenecarboxylic  acid,  and  the  fraction  71°  to  79°  this  same  acid 
mixed  with  methylcyclopentanecarboxylic  acid. 

When  acetonedipropionic  acid  ^  CO(CH2.CH2.CH2.COOH)2,  obtained 
by  the  hydrolysis  of  ethyl  ketoheptanetetracar  boxy  late,  is  heated,  water 
is  eliminated  and  dihydroresorcinpropionic  acid  results.     It  possesses  all 

/CH«.COv 
CH  /       "         >CH.CHa  CH,.COOH 
\CH.,.CO/ 

the  characteiistics  of  the  dihydroresorcin  derivatives.^ 

Following  von  Baeyer's  directions  *  for  the  reduction  of  phthalic  acid, 
Abati  and  Bernardinis  *  have  isolated  three  new  substances,  namely, 
cw-A*-tetrahydrophthalic  anhydride,  A^ '  ^-dihydrophthalic  anhydride,  and 
a  subgtance  M.P.  174°,  which  is  most  probably  a  dihydrophthalic 
acid. 

Von  Baeyer  has  shown  ^  that  the  reduction  of  isophthalic  acid  takes 
place  with  much  greater  difficulty  than  in  the  case  of  phthalic  or  tere- 
phthalic  acids.  He  obtained  an  acid  melting  at  199°  which  agreed  on 
analysis  with  a  tetrahydroisopbthalic  acid.  In  1891  Perkin^  synthesised 
the  cis'  and  <rarw- modifications  of  hexahydroisophthalic  acid,  and  shortly 
afterwards  Baeyer  and  Villiger  *  obtained  these  same  cis-  and  trans-eicids 
by  the  direct  reduction  of  isophthalic  acid. 

Ferkin  and  Pickles  ^  have  now  obtained  all  four  possible  tetrahydro- 
isophthalic  acids  also  by  direct  reduction  of  isophthalic  acid,  and  for 
reasons  given  in  the  original  paper  these  authors  conclude  that  the  con- 

»  Zelinsky,  J).  R.  P.,  151880. 

«  Von  Pechmann  and  Sidgwick,  Ber.,  1904,  87,  3816. 

■  Compare  Merling,  Annalen,  1894,  278,  20,  and  Vorlaender,  ibid.,  1897,  294,  270. 
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stitutions  of  the  four  isomerides  are  most  probably  represented  by  the 
following  formulae  : 


H, 


H       COOH 


COOH 


H. 


H 


H, 
A«(m.p.  168°) 

H      COOH 

X. 


H      COOH 

H    /\h 
H,  I     J  COOH 


H 


\ 
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COOH 


V 

A'(m.p.  244°) 
COOH      H 
\/ 


H 


H, 


COOH 


clfi  A*(m.p.  165«>) 


H 

V 

trans  H^(m.p.  227°) 


It  has  not  been  found  possible  to  isolate  even  a  trace  of  a  dihydroiso- 
phthalic  acid  from  the  reduction  products,  though  von  Baeyer  has  shown 
that  the  products  first  formed  on  reduction  of  phthalic  and  terephthalic 
acids  are  always  dihydro  derivatives.  The  following  considerations  are 
suggested  as  supplying  a  reason  for  this  curious  difference  in  the  behaviour 
of  isophthalic  acid. 

In  the  reduction  of  phthalic  and  terephthalic  acids  hydrogen  atoms 
always  attach  themselves  in  the  first  instance  to  the  carbon  atoms  which 
carry  the  carboxyl  groups.  Thus  the  first  product  of  the  reduction  of 
phthalic  acid  is  -"^'^-dihydrophthalic  acid — 

''H 


$ 


yields 


and,  in  a  similar  manner,  the  first  product  of  the  reduction  of  terephthalic 
acid  is  A*  • '^-dihydroterephthalic  acid — 

H  SB 

X 

yields 


0 


X 

H       m 


If  this  process  be  applied  to  isophthalic  acid,  it  leads  to  the  following 
unsaturated  scheme  : — 


t 


H      X 


yields 


in  which  the  valencies  are  unable  to  unite  to  form  double  linkings,  as Jn 
*he  case  of  dihydrophthalic  and  dihydroterephthalic  acids.  o 
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ThU  argumeDt  may  acooont  for  the  difficulty  experienoed  in  reducing 
iaophthalic  acid,  and  for  the  fact  that  tetrahjdro  derivatives,  and  not 
dihydro  derivatives,  are  formed  at  once,  because  the  free  valencies,  which 
cannot  saturate  one  another,  will  naturally  combine  with  hydrogen,  and 
thus  yield  at  once  tetrahydroisophthalic  acids. 

The  substance^  derived  from  the  condensation  product  of  ethyl 
dibromopropanetetracarboxylate  and  ethyl  disodiopropanetetracarboxylate 
is  not,  as  described  in  the  last  report,^  a  mixture  of  trans-hoxahydro- 
benzenetetracarboxylic  acid  and  the  double  anhydride  of  the  cM-modifica- 
tion  of  the  same  acid,  but  is  a  mixture  of  cia-  and  <ran«-trimethylenedi- 
carboxylic  acid.  The  condensation  takes  place  in  accordance  with  the 
following  scheme : — 

I  I 

(CO,EtVCNa.CH,.0Na(CO,Kt),    (CO,KtVC.CH,.C(COj;t), 

(CO,Bt),.CBr.CH,.CBr(CO^t),      (CO^t),  C.CHyC(CO,Et), 
CH  I  I 


C-C(C 


(C0aKt)rC-C(C02Et), 
(CO,Bt),.C-C(CO,Et), 
CH, 

Rasanilitke  Bases, — The  trihydrochlorides  of  the  rosaniline  bases 
combine  with  four  molecules  of  water  ^  in  acid  solution  to  form  tetra- 
hydroxyhexahydrobenzenerosanilines,  analogous  to  the  tetrachloro-  and 
tetraminohexahydrobenzenerosanilines  previously  obtained  by  absorption 
of  4HC1  or  4NH3.  To  account  for  the  formation  of  colourless  solutions 
under  the  above  conditions^  it  is  assumed  that  four  molecules  of  water 
are  taken  up,  the  quinonoid  nucleus  being  transformed  into  a  cyclohexane 
ring,  which  view  is  supported  by  thermo-chemical  data. 

The  NaJture  of  Double  Linkinga. — Fiom  the  observations  of  others  on 
the  addition  of  bromine  to  unsaturated  substances,'  Bauer  is  led  to  the 
following  generalisations,  which,  though  not  drawn  up  with  special  reference 
to  hydro-aromatic  substances,  may  be  of  use  to  those  working  in  this  field. 

The  capability  of  carbon  atoms,  united  by  a  double  bond,  adding  on 
bromine  is  lessened  when  both  carbon  atoms  have  attached  to  them  the 
following  groups  :  COOH,  COOR,  C^H^  or  Br.  In  certain  cases  alkyl 
residues  in  combination  with  the  above  groups  behave  in  a  similar 
manner.  In  the  system  R»R2C=CR3R^  if  R^  be  replaced  by  COOH, 
bromine  is  added  on  so  long  as  R^R^R^  are  not  replaced  by  bromine  or 
bromine  and  methyl.  Methyl  groups  without  bromine  atoms  have  no 
influence.  For  example,  addition  takes  place  in  the  case  of  acrylic, 
bromo-  and  dibromoacrylic  crotonic,  dimethyl-  and  trimethylacrylic  acids, 
but  not  with  tribromoacrylic  or  dibromocrotonic  acids. 

When  R^  and  R^  are  replaced  by  carboxyl  groups,  the  addition  takes 
place  so  long  as  R^  and  R^  are  not  both  replaced  by  Br  or  methyl :  for 
example,  fumaric,  methylfumaric  and  bromomaleic  acids  form  dibromides, 
whereas  dibromo-  and  cQmethylfumaric  acids  do  not. 


takes 


If  R'  be  replaced  by  C5H5  and  R'^R^R*  by  methyl  groups,  addition 
es  place  ;  but  if  R^  and  R*  are  replaced  by  CgHg  and  R*  and  K*  by 


»  Perkin.  J.  a  8.,  1905,  87,  358.  «  Reports,  1904.  p^2,  t 

■  Schmidlin,  Compt.  Rend.,  1904,  IW,  606.  Oitizrd  bvL^OOQlC 

♦  IHd.,  p.  621.  *  Ber.,  1904,  87,  3817.      ^ 


160  REPORT— 1906. 

bromine  atoms,  no  addition  is  possible.  With  R*  and  R^  both  Cj,H,, 
groups,  the  replacement  of  R^  or  R*  by  bromine  is  sufficient  to  prevent 
addition  of  bromine,  but  not  if  R^  or  R*  or  both  be  replaced  by  methyl. 
As  examples,  stilbene,  methylstilbene,  bromostilbene  and  diphenylethylene 
add  on  bromine,  but  dibromostilbene  and  diphenylbromoethylene  do  not. 

Investvjation  of  the  Fossiliferous  Drift  Deposits  at  KirmingUyti,  Lincoln* 
shire,  and  at  various  localities  in  the  East  Eiding  of  Yorkshire, — 
Repoi't  of  the  Committee,  consisting  of  Mr.  G.  W.  Lamplugh 
{Chairman)^  Mr.  J.  W.  Stather  (Secretary).  Dr.  Tempest  Ander- 
son, Professor  J.  W.  Carr,  Rev.  W.  Lower  Carter,  Mr.  A.  R. 
DWERRYHOUSE,  Mr.  F.  W.  Harmer,  Mr.  J.  H.  Howarth,  Rev, 
W.  Johnson,  Professor  P.  F.  Kendall,  Mr.  H.  B.  Muff,  Mr. 
E.  T.  Newton,  Mr.  Clement  Reid,  arul  Mr.  Thomas  Sheppard. 

The  last  report  of  the  Committee  (Cambridge,  1904)  described  the  com- 
pletion of  successful  work  at  Kirmington  and  at  Limber,  Lincolnshire. 
Since  then  the  Committee  have  commenced  operations  at  two  localities  in 
the  East  Riding  of  Yorkshire,  viz.,  Bielhecks  and  Speeton ;  but  owing  to 
the  early  date  at  which  this  report  has  to  be  rendered,  and  to  other  cir- 
cumstances, it  has  been  found  impossible  to  send  in  a  report  of  completed 
work  at  either  of  these  places. 

Bielbecks, — This  place  is  situated  in  the  Vale  of  York,  two  miles  south 
of  Market  Weigh  ton  and  one  mile  north-west  of  North  Cliff.  Between 
seventy  and  eighty  years  ago  a  rich  deposit  of  mammalian  and  other 
remains  was  accidentally  discovered  here,  and  were  subsequently  described 
in  the  *  Philosophical  Magazine,'  September  1829,  by  the  Rev.  W.  V.  Har- 
court.  A  largo  number  of  specimens  were  obtained,  the  bulk  of  which 
are,  we  believe,  in  the  museum  at  York.  The  deposit  is  obviously  a  very 
important  one,  and  it  has  long  been  felt  that,  if  possible,  more  informa- 
tion as  to  its  precise  nature  should  be  obtained.  With  this  object  in  view 
your  Committee  have  put  down  borings,  and  have  been  able  to  locate 
the  black  marl  which  is  believed  to  contain  most  of  the  bones  and  sh^ls. 
Later  in  the  year — probably  in  July — it  is  intended  to  make  a  large 
excavatioi^  of  which  a  detailed  report  will  be  prepared  and  presented  at 
the  York  meeting  in  1906. 

The  *  Speeton  Shell  BedJ — This  bed  was  seen  by  Professor  Phillips  in 
the  year  1855,  and  a  brief  account  of  it  occurs  in  his  *  Geology  of  York- 
shire,* vol.  ii.  The  bed  was  described  more  fully  by  Mr.  G.  W.  Lamplugh 
in  the  'Geological  Magazine'  (1881,  p.  176).  Since  then  the  bed  has 
become  much  obscured  by  slips.  As  the  relationship  of  this  bed  to  the 
glacial  drift  is  still  a  debatable  matter,  your  Committee  decided  that 
the  bed  came  within  the  scope  of  their  investigations.  With  the  assistance 
of  Mr.  C.  G.  Danford,  of  Reighton,  an  excavation  has  been  made,  and 
a  clean  section  down  to  the  base  of  the  shell  bed  obtained.  The 
details,  however,  have  still  to  be  worked  out. 

The  thanks  of  the  Committee  are  due  to  W.  H.  Fox,  Es^.,  for  permis- 
sion to  excavate  at  Bielbecks,  and  also  to  the  Right  Hon.  the  Earl  of 
Londesborough  for  permission  to  investigate  the  shell  bed  at  the  base  of 
the  drifts  at  Speeton. 

The  Committee  request  to  be  reappointed,  with  power  to  use  the 
unexpended  balance  of  last  year's  grant.  ^.^.^.^^^  ^^  GoOgl 
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Investigatii/ii  of  the  Fauim  ami  Flora  of  the  Ti-ias  of  the  British  Isles, 
Third  Report  of  the  GommUtee,  coimsting  of  Professor  W.  A. 
Herdman  {Chainiian)^  Mr.  J.  LoMAS  {Secretary)^  Professor  W.  W. 
WArrs,  Professor  P.  F.  Kendall,  and  Messrs.  H.  C.  Beasley, 
E.  T.  Newton,  A.  C.  Seward,  and  W.  A.  E.  Ussher.  (Draivn 
up  by  the  Secretary.) 

The  work  of  the  Committee  during  the  past  year  has  been  mainly  directed 
towards  ascertaining  what  Triassic  fossils  are  stored  in  provincial  museums. 

Circulars  have  been  issued  asking  for  information,  and  ca^ts  of  typical 
footprints  have  been  distributed  as  an  aid  to  identification. 

Numerous  replies  have  been  received,  but  a  more  critical  examination 
of  the  specimens  is  desirable  in  many  cases,  and  it  is  hoped  to  incorporate 
the  results  in  next  year's  report. 

Other  lines  of  research  are  in  progi*ess,  including  a  detailed  description 
of  the  footprints  found  in  the  Upper  Trias  by  Mr.  H.  C.  Beasley  ;  and  a 
careful  examination  of  the  Bhynchosaurus  remains  in  the  Shrewsbury 
Museum  is  being  made  by  Dr.  A.  Smith  Woodward. 

The  Museum  Committee  of  the  Shrewsbury  Town  Council  has  kindly 
allowed  the  valuable  slabs  in  their  keeping  to  be  sent  to  the  British 
Museum  for  this  purpose. 

The  present  report  includes  a  list  of  Triassic  fossils  from  the  Bath 
Museum,  by  the  Rev.  W.  H.  Winwood,  M.A.,  F.G.S. ;  from  the  Warwick 
Museum,  by  Mr.  H.  C.  Beasley ;  and,  by  the  kindness  of  Mr.  W,  A.  E. 
Ussher,  F.G.S.,  of  the  Geological  Survey,  an  original  section,  drawn  and 
coloured  by  the  late  Mr.  F.  O.  Hutchinson,  is  reproduced,  showing  the 
relative  positions  of  the  beds  in  the  Sidmouth  area,  in  which  plant  and 
saurian  remains  have  been  found.  A  short  note  on  the  occurrence  and 
habitat  of  Fstheria  minuia  is  also  contributed  by  the  Secretary. 

List  of  British  Triassic  Fossils  in  the  Moore  Collection,  Bath  Museum. 
By  Uie  Rev.  H.  H.  Winwood,  Jlf.J.,  F,G,S, 

PLANTM, 

Name.  Formaiiioxi.  Locality. 

Vndeiermined  sp.     .        .  Keuper  .    Hurtle  Heath. 

CRUSTACEA. 
Either ia,  minuta^  Albert!  .        .     Keuper     .        .     Near  Somerlon. 

PISCES, 

iHplodus  itworeif  A.  S.  Wood-    Keaper  .     Ruishton,  near  Taonton. 

ward 4    1'be  type    teeth    de- 

crib<E:d    and  Hgured  by  A.  8. 

Wo6dward,  *  Ann.   and  Mag. 

Na*.  Hist/  [6]  vol.  ill.  (1889), 

p.  299,  PL  XIV.  figs.  4,  5. 
Aenklus  (7)  kei$perinus,  Mnrcb.     Keuper  .     Ruishton,  near  Taunton. 

axkd  Strickl.  sp. ;  teeth,  dorsal 

fidi-spines,      and       cephalic 

spines  (Sphenonchus). 

'  REPTILIA. 

Thdcodontoiaurus  (teeth)  .        .'    Keuper     .  Bristol. 

Iikinoho$a%trus  artxoep$,09itJi\     Keuper     .        .    Grinshill,  Shropshire.       T 
vertebrae  only  .  OglL 
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Notes  on  Footprints  from  the  Trias  in  ike  Mnseum  of  tlie  Warwickshire 
Natural  History  and  ArchasohgicaZ  Society  at  Warwick,  By  H.  C. 
Beasley. 

The  Warwick  Museum  contains  about  fifty  slabs  of  sandstone  of 
various  sizes,  showing  either  casts  or  impressions  of  footprints.  About 
fifteen  of  them  are  from  the  Upper  Keuper  sandstone  of  Shrewley,  War- 
wickshire. 

From  the  Lower  Keuper  there  are  nine,  mostly  large  ones,  from 
Lymm,  Cheshire,  two  or  three  from  Grinshill,  Salop,  and  one  large  one 
and  several  smaller  ones  from  South  Staffordshire,  one  large  one  from 
Coten-end,  Warwick,  and  several  from  both  Upper  and  Lower  Keuper  in 
other  localities  in  the  Midlands  Besides  these  there  are  others  which 
have  lost  their  labels,  but  of  which  it  is  possible  to  guess  the  locality. 

From  this  it  will  be  seen  that  the  collection  gives  an  opportunity  for 
comparing  the  indications  of  the  fauna  in  a  variety  of  localities  and  of 
different  horizons. 

The  portion  of  the  collection  of  most  interest  is  that  obtained  from  the 
Upper  Keuper  sandstones  of  Shrewley.  The  quarry  by  the  side  of  the 
canal  is,  unfortunately,  not  now  worked,  and  is  covered  with  a  dense  growth 
of  vegetation,  but  whilst  it  was  open  it  appears  to  have  been  closely 
watched  by  the  Rev.  P.  B.  Brodie,  and  other  Warwick  geologists,  who 
secured  a  good  number,  not  only  of  footprints,  but  of  fossil  remains. 

The  beds  of  sandstone  are  intercalate  in  the  Keuper  marls,  and  were 
described  in  1837  by  Murchison  and  Strickland,  and  some  fossils  and  a 
large  slab  of  footprints  figured.^    - 

The  sandstones  consist  of  thin  beds,  in  all  8  or  10  feet,  underlain  by  tea- 
green  marl.  Besides  footprints,  fish  and  other  organic  remains  have  been 
found  in  the  sandstones,  and  Estheria  minuta  is  common  both  to  the 
sandstones  and  the  marls.  A  bed,  apparently  immediately  below  the 
sandstones,  has  yielded  several  species  of  moUusca,  recorded  in  the  reports 
of  the  specimens  in  the  British  Museum,  Natural  History,  and  the 
Geological  Survey  Museum,  in  this  Committee's  report  of  last  year,  by 
Dr.  A.  S.  Woodward,  F.R.S.,  and  Mr.  E.  T.  Newton,  F.R.S. 

The  slab  which  is  figured  with  the  paper  by  Murchison  and  Strick- 
land, referred  to  above,  is  in  the  Warwick  collection,  and  the  prints,  in 
relief,  are  still  quite  recognisable.  They  are  described  in  Part  ii.  of  this 
report  (p.  278,  1904)  as  D  4.  The  manus  has  the  digits  free,  with  no  trace 
of  webbing,  and  they  look  slender  and  weak  compared  with  those  of  the 
larger  pes,  which,  as  before  described,  is  distinctly  webbed.  There  is  a 
distinct  track  of  a  tail  between  the  two  rows  of  the  footprints.   ^  The  large 

'  Trails.  Oeol.  Soc,  2nd  series,  vol.  v.  p.  339,  and  Plate  XXVIII.  •  On  ihe  Upper 
Formation  of  the  New  Red  Sandstone  System  in  Gloucester,  Worci|8tershire, 
and  Warwickshire,  showing  that  the  Red,  or  iSaliferous  Marls,  inclnding  a\  peculiar 
Zone  of  Sandstone,  represent  the  Keuper  or  *' Marnes  iris6es"  wit|i  Some 
Account  of  the  Underlying  Sandstone  of  Ombersley,  Bromsgrove,  and  "Warwick, 
Proving  that  it  is  the  Bunter  Sandstein,  or  Gr6s  Bigarr6  of  Foreign  Geolo^ts,'  by 
B.  I.  Murchison,  V.P.G.S.,  and  H.  S.  Strickland,  F.G.S.,  read  June  14,  1837.  \ 

The  section  is  also  described  in  Quart,  Joiir,  Oeol.  Soo.,  vol.  xii.  p.  374.  r  On  the 
Upper  Keuper  Sandstone  (included  in  the  New  Red  Marl)  of  Warwickshire,'  by 
the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S.,  regd  June  4,  1866;  also  Quart.  Jour.  oJeol.  Soc., 
vol.  xiii.  p.  674,  and  vol.  xiv.  p.  166,  by  the  same. 
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c.  The  stratum  of  nodules  containiug  crystals  of  sulphate  of  strontium 
upon  the  crystals  of  car1)onate  of  lime  occurs  towards  the  lower  part,  and 
at  about  14  feet  above  the  t^hite  bands. 

D.  The  stem  of  a  lacustrine  plant,  not  yet  named,  was  discovered  by  a 
fall  of  the  cliff  at  d'.  The  real  size  is  1  inch  to  IJ  inch  in  diameter.  The 
side  stems  (none  preserved)  were  about  as  thick  as  a  quill  pen.  The  joints 
occur  every  6  to  8  inches.  The  substance  of  the  interior  is  soft  sand- 
stone, the  exterior  a  film  of  clay  greenish  in  colour.  Eight  or  ten  side 
branches  grow  out  at  each  joint.* 

E.  White  Bands,— I  merely  mention  these  for  the  purpose  of  fixing 
levels  on  each  side  of  the  valley.  Just  above  this  level  the  marl  passes 
into  sandstone.     In  these  bands  the  red  colour  is  absent 

p.  Saurian  or  Batrachian  Band. — Mr.  Johnston- Lavis  discovered  his 
Lahyrintliodon  Laviai  by  a  fall  of  cliff  at  f  in  High  Peak  Hill  in  August 
1876.  The  horizon  of  this  stratum  ought  to  strike  tile  beach  somewhere 
under  Wind  Gate  ;  but  it  is  hard  to  say  exactly,  as  the  cliff  is  concealed 
by  bushes  and  landslips. 

The  Rev.  S.  H.  Cook  in  1876  discovered  a  small  piece  of  the  same 
fossil  bone  at  a  at  the  fault  where  the  saurian  band  comes  up.  He  left 
it  with  me,  and  I  afterwards  forwarded  it  to  Mr.  Johnston-Lavis. 


The  Movements  of  Uiiderrp'ouvd  Water's  of  North- west  Yorkshire. — 
Sixth  and  Fimd  Beport  of  the  Committee,  consisting  of  Professor 
W.  W.  Watts  {Chairman)^  Mr.  A.  R.  Dwerryhouse  (Secretary), 
Professor  A.  Smithells,  Rev.  E.  Jones,  Mr.  Walter  Morrison, 
Mr.  George  Bray,  Rev.  W.  Lower  Carter,  Mr.  T.  Pairley, 
Professor  P.  F.  Kendall,  and  Dr.  J.  E.  Marr. 

The  boreholes  in  progress  at  Turn  Dub  at  the  time  of  the  presentation  of 
the  last  report  have  now  been  completed,  with  the  result  that  the 
existence  of  boulder- clay  below  the  bed  of  the  River  Ribble  at  that  point 
was  conclusively  proved. 

In  all  seven  boreholes  were  put  down,  but  owing  to  the  extremely 
stony  nature  of  the  ground  only  one  of  these  reached  the  bed-rock. 

This  was  on  the  right  bank  and  some  20  feet  from  the  river,  and  the 
limestone  was  reached  at  a  depth  of  8  feet  below  the  level  of  the  river-bed. 

A  full  account  of  the  work  of  the  Committee  has  been  published  in 
the  *  Proceedings  of  the  Yorkshire  Geological  and  Polytechnic  Society,' 
Vol.  XV.,  Part  II.,  pp.  248-292. 

The  work  of  the  Committee  is  now  completed,  and  the  grant  has  been 
spent,  with  the  exception  of  a  small  balance,  which  has  been  returned  to 
the  Treasurer. 

*  Mr.  A.  C.  Seward  has  examined  the  drawing  of  the  plant,  and  states  that 
the  plant  may  belong  to  Schizoneura.  Mr.  Hutchinson  described  and  figured  his 
specimen  in  the  Tramaetions  of  the  DcvoTtshWe  Association^  vol.  xi.  p.  383,  in 
1879.— J.  LOMAS. 
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Life-zones  in  the  Biiiish  CarJtoniferous  Rocks, — Interim  Report  oj  the 
Committee,  consisting  of  Mr.  J.  E.  Marr  {Olmii'man).  Dr.  Wheel- 
ton  Hind  (Secretary),  Dr.  F.  A.  Bather,  Afr.  G.  C.  Crick, 
Dr.  A.  H.  FooRD,  Mr.  H.  Fox,  Professor  E.  J.  Garwood,  Dr.  6.  J. 
HiNDE,  Professor  P.  F.  Kendall,  Mr.  R.  Kidston,  Mr.  G.  W. 
Lamplugh,  Professor  G.  A.  Lebofr,  Mr.  B.  N.  Peach,  Mr.  A. 
Strahan,  Dr.  A.  VAuciHAN,  and  Dr.  H.  Woodward.  {Drawn  np 
hi/  the  Secretary,) 

Work  has  been  carried  on  by  Mr.  J.  T.  Stobbs  in  the  Holywell  district  of 
North  Wales  and  in  North  Staffordshire.  Mr.  H.  Bolton  is  engaged  in 
investigating  the  fauna  of  a  marine  band  lately  discovered  by  him  in  the 
lower  coal  measures  of  the  Bristol  coalfield— a  most  important  and  inter- 
esting discovery.  The  marine  band  is  being  mined  and  bt*ought  to  bank 
at  the  expense  of  the  Committee,  and  a  detailed  paper  will  be  published  at 
an  early  date. 

Owing  to  the  early  date  at  which  this  report  is  required,  it  must  of 
necessity  be  incomplete.  Arrangements  have  been  made  on  the  one  hand 
with  Mr.  Stobbs  and  Mr.  E.  P.  Turner,  and  on  the  other  with  Mr.  D. 
Tait,  to  undertake  work  which  cannot  be  done  except  in  the  summer,  and 
naturally  the  result  of  this  work  cannot  be  included ;  and  it  is  also  impos- 
sible to  state  whether  there  remains  over  any  balance  of  the  grant.  The 
Committee  wish  to  continue  the  work,  and  ask  for  the  balance  of  the  grant, 
if  any,  to  be  left  in  their  hands,  and  that  a  further  grant  of  10/.  be  made. 
Money  has  been  expended  in  having  sections  of  corals  cut  for  examination. 
The  exact  recognition  of  the  species  and  genera  of  any  coral  occurring 
at  a  definite  horizon  has  been  shown  by  Dr.  Yaughan  to  be  of  the  highest 
importance. 

My  own  work  during  the  year  has  been,  first,  in  the  Hodder  Valley 
with  Mr.  Stobbs,  the  results  of  which  will  appear  later ;  second,  in  the 
West  of  Ireland,  where  I  have  demonstrated  a  typical  Pendleside  fauna 
succeeding  the  Carboniferous  Limestone.  The  results  have  been  published 
in  the  *  Proceedings  of  the  Royal  Irish  Academy,'  with  figures  of  the 
majority  of  fossils  found  in  the  equivalents  of  the  Pendleside  series  and 
Millstone  Grits  in  County  Clare  and  County  Limerick.  The  main  details 
of  the  paper  are  summed  up  as  follows  : — 

1.  The  Pendleside  seriea  of  the  Midlands  is  well  represented  in  County 
Clare. 

2.  These  beds  in  County  Clare  are  about  80  feet  thick,  and  they  lie 
conformably  on  the  upper  beds  of  the  Carboniferous  Limestone,  which 
seems  to  have  the  same  top  all  over  the  county,  and  in  County  Limerick. 

3.  The  fossils  are  identical  with  those  found  at  Chokier,  in  Belgium, 
and  in  the  Pendleside  series  of  England. 

4.  The  fossils  which  characterise  the  lowest  beds  of  the  Pendleside 
series — viz.  Posidonomya  Becheri  and  Prohcanites  compressns — have  not 
yet  been  found  in  County  Clare. 

5.  That  the  series  of  grits  and  flagstones  which  overlie  the  Upper 
Limestone  Shales  are,  as  stated  by  the  Geological  Survey,  the  homotaxial 
equivalents  of  the  Millstone  Grits,  and  are  largely  marine  in  origin,  several 
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well-defined  marine  bands  occurring  in  them,  characterised  by  Glyphioeeras 
retictUatum, 

Some  facts  of  great  interest  came  out  of  the  investigation.  The  forms 
of  Gastrioceras  diadema  which  occur  at  Lisdoonvama  are  exactly  like 
those  which  occur  in  the  Ghokier  beds  of  Belgium,  beds  which  come  on 
immediately  above  the  Vis^n  stage  of  the  Carboniferous  Limestone.  In 
both  localities  this  species  is  accompanied  by  a  peculiar  variety,  character- 
ised by  a  large  open  umbilicus  and  strong,  moderately  distant  transverse 
ribs.  It  seems  to  me  that  in  this  form  early  characters  persisted  into  the 
adult  stage.  The  presence  of  the  two  forms  side  by  side  gives  the  fassil 
a  time  value,  and  leads  to  the  view  that  the  Chokier  and  Li^oonvama 
deposits  were  contemporaneous  as  well  as  homotaxial. 

The  thickness  of  the  series  in  County  Clare  (80  feet)  and  at  Chokier, 
or  Clavier,  in  Belgium  (probably  not  much  more),  compared  to  the  thick- 
ness at  Pendle  Hill,  1,200  to  1,500,  indicates  the  east  and  west  edges  of 
the  basin  in  which  the  deposit  took  place. 

The  Upper  Limestone  Shales  (Pendleside  series)  of  the  West  of  Ireland 
are  succeeded  by  a  series  of  grits  and  flags,  in  which  are  slate  bands  con- 
taining a  marine  fauna,  the  common  fossils  being  Pterinopecten  papf/raceiiSj 
PosidonieU^  laevia,  Ghrphioceras  reticnlatnm,  and  in  this  band,  is  a  Zaph- 
rientoid  coral  aff  ^.  PhUlipn. 

In  conjunction  with  Mr.  J.  T.  Stobbs,  we  presented  a  paper  to  the 
Geological  Society  on  the  Marine  Bands  of  the  North  Staffordshire  Coal- 
field, which  will  be  shortly  published. 

These  marine  bands,  of  which  several  have  been  discovered  in  the  North 
Staffordshire  coalfield,  are  of  great  importance  as  indices  of  horizon  in 
sinking  and  other  mining  operations,  and  we  contend  that  we  are  able  by 
these  marine  bands,  and  by  the  presence  of  certain  species  of  Carhonicofiiy 
Anthracamya,  and  Naiadites  to  accurately  determine  the  exact  horizon  of 
any  seam  of  coal. 

In  fact,  the  whole  of  the  Upper  Carboniferous  rocks,  from  the  base  of 
the  Pendleside  series  to  the  top  of  the  coal  measures,  is  now  fairly  accu- 
rately zoned  in  detail  by  the  Mollusca.  In  addition,  the  flora  is  of  assist- 
ance in  determining  the  main  divisions  of  that  series.  But  the  great 
faunal  change  took  place  before  the  fioral.  That  is,  the  flora  of  the  Pendle- 
side series  is  of  Lower  Carboniferous  type,  while  the  Mollusca  have  an 
Upper  Carboniferous  facies.  The  great  difficulty  has  always  been  to  esta- 
blish any  zones  in  the  Lower  Carboniferous,  either  where  this  sub-division 
consists  of  massive  limestone,  as  in  Derbyshire,  or  where  it  has  assumed 
the  Yoredale  phase,  as  in  North  Yorkshire  and  Scotland. 

Last  year  I  quoted  the  scheme  of  life-zones  worked  out  by  Dr.  A. 
Vaughan  for  the  Carboniferous  Limestone  of  the  Bristol  area.  He  and 
Mr.  Sibly  have  since  then  demonstrated  that  the  same  faunal  succession 
is  fairly  constant  throughout  the  Mendip  and  South  Wales  areas.  I 
have  had  the  privilege  of  going  over  the  ground  with  Dr.  Vaughan,  and 
have  examined  the  Carboniferous  Limestone  of  the  Bristol  area  at  the 
Avon  Gorge  ;  Failand  Section,  Flax-Bourton,  Wickwar,  Chipping  Sod- 
bury,  Wrington,  Burrington  Coomb  (Mendip),  and  Weston-super-Mare, 
and  I  have  no  doubt  that,  for  that  area,  the  distribution  of  the  corals  and 
Brachiopods  is  as  he  states,  and  that,  so  far  as  this  district  and  South 
Wales  are  concerned,  the  Carboniferous  Limestone  has  been  accurately 
zoned.     The  fact  that  a  definite  sequence  of  corals  and  Brachiopods  exists 
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in  the  South  Wales  and  Bristol  areas  should  afford  grounds  for  hope  that  it 
would  give  a  clue  to  life-zones  in  the  Carboniferous  Limestone  of  the  Mid- 
lands. But  there  are  enormous  difficulties,  and  at  present,  though  I  hope 
that  the  corals  may  give  some  help,  there  is  no  doubt  that,  as  I  stated 
last  year,  Brachiopods  which  indicate  distinct  .zones,  at  Bristol  seem  to 
appear  ivith  strange  companions  in  the  Midlands. 

The  fauna  of  the  Carboniferous  Limestone  of  the  Bristol  area  is  com- 
paratively meagre.  No  Cephalopods,  and  at  most  only  some  half-dozen 
species  of  Lamellibranchs  and  Gasteropods,  occur  in  the  Bristol -Mendip 
area,  and  the  number  of  species  of  Brachiopoda  is  much  less  than  is  found 
in  the  Midlands.  Conditions  of  life  in  the  two  areas  must  have  been 
totally  different. 

Dr.  Vaughan  and  I  hope  to  attack  the  Midland  area  in  the  near 
future,  and  with  a  type  district  as  a  basis  of  comparison  we  hope  to  work 
out  a  faunal  succession.  But  the  task  will  be  immense.  There  is  no 
complete  section  of  the  limestones  in  the  Midlands  comparable  to  that 
which  occurs  at  Burrington  Coomb  and  the  Avon  Gorge,  and  it  is  probable 
that  not  a  very  great  thickness  of  the  limestone  of  Derbyshire  is  exposed, 
because  I  am  not  acquainted  with  the  fauna  of  the  lower  beds  of  the 
Bristol  succession  in  the  Midlands.  To  do  the  work  thoroughly  it  will  be 
necessary  to  revise  the  whole  of  the  species  of  Brachiopoda,  and  to  spend 
much  money  and  time  on  sectioning  corals  ;  it  will  bo  also  necessary 
to  collect  very  carefully,  and  for  this  purpose  a  renewed  grant  will  be 
required. 

Dr.  F.  A.  Bather  sends  me  the  following  note:  'I  have  examined 
and  attempted  to  identify  various  specimens  submitted  to  me  by  Dr. 
Arthur  Vaughan  and  other  workers.  From  my  point  of  view,  the  most 
interesting  fact  I  have  to  record  is  the  occurrence  of  the  genus  Acrocrinus 
in  the  Bristol  area.  This  genus,  which  is  a  very  specialised  descendant  of 
Platyerinidce^  has  hitherto  been  known  only  in  North  America,  where  it 
is  found  in  the  Later  Carboniferous.  Its  discovery  by  Dr.  Vaughan  in  his 
Zaphrentis  zone  near  Bristol  is,  therefore,  remarkable  as  regards  distribu- 
tion in  both  time  and  space.  The  specimen,  though  fragmentary,  is 
unmistakable,  and  I  propose  to  publish  a  description  of  it  before  very  long. 
Meanwhile,  those  who  wish  to  know  what  the  genus  looks  like  may  be 
referred  to  a  reconstruction  given  on  page  159  of  the  Echinoderm  volume 
of  Lankester's  "  Treatise  on  Zoology."' 

When  collecting  in  the  Pendle  Hill  district  in  1901,  Mr.  D.  Tait 
found  a  peculiar  fossil,  which  he  at  once  recognised  as  some  form  of 
Graptolite  !  Next  year  he  obtained  at  about  the  same  horizon,  at  Fool- 
vash,  Isle  of  Man,  another  form  of  a  somewhat  similar  organism.  After 
some  discussion  I  referred  these  fossils  to  Dictyoneniay  and  drew  up  a 
brief  account,  which  I  read  before  the  Geological  Society,  March  25, 
1903,  entitled  'Note  on  some  Dictyiyiiema-lT^e  Organisms  from  the 
Pendleside  Series  of  Pendle  Hill  and  Poolvash.*  The  paper  was  not 
published. 

Subsequently  I  placed  the  fossils  in  Miss  G.  Elles's  hands,  and  she 
writes  me  :  *I  think  the  specimens  from  Poolvash  and  Hook  Cliff  are 
Dendroid  GraptoliteSy  without  a  doubt.  The  Poolvash  specimen  looks 
like  a  DegnograptnSj  and  the  other  is  a  CcUlograptns,  I  think.  The 
Destwgraplus  is  more  spread  out  than  in  other  specimens  known  to  me, 
and  is  probably  new,  but  the  CdUograptus  has  some  very  near  allies  in 
C   Salteri  and  (7.   radiatus  of  the  older  rocks.     The  presence  of  tl|^ 
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joiaing  bar  has  generally  been  regarded  as  distinctive  of  tbe  genus 
Dictyonema,  but  my  experience  leads  me  to  believe  that  this  is  not  the 
case.  *'  Bars "  may  be  present  in  all  the  Dendroids,  I  think,  but  they 
are  particularly  regularly  developed  in  Dictyonema  itself.  The  fashion 
of  growth  is  a  far  more  distinctive  and  reliable  character.' 

We  may  therefore  assume  the  presence  of  Dendroid  Graptolites  in 
carboniferous  rocks. 

Mr.  Kidston  has  kindly  examined  all  the  plants  collected  for  the  Com- 
mittee, and  the  determinations  are  his.  He  has  contributed  a  paper  on 
the  Classification  of  the  Upper  Part  of  the  Coal  Measures  of  the  Midlands 
to  the  Geological  Society,  published  in  the  *  Quarterly  Journal '  for  May 
1905.  It  contains  valuable  and  accurate  lists  of  plants  from  the  various 
horizons,  which  form  the  evidence  for  the  conclusions  arrived  at  in  the 
paper. 

A  palseontological  survey  of  the  Carboniferous  rocks  of  North  Wales 
has  been  commenced  by  Mr.  Stobbs  and  myself.  Some  important  details 
have  already  been  noted,  and  wOl  be  reported  later.  Meanwhile  further 
work  will  be  done. 


To  Secord  and  Determine  the  Exact  Significance  of  Local  Terms  applied 
in  the  British  Isles  to  Topographical  and  Geological  Objeds. — 
Repoii  oftlie  Committee^  consisting  of  Mr.  Douglas  W.  Freshfield 
{Chairman),  Mr.  W.  G.  Feauinsides  {Secretary),  Lord  AvEBURY, 
Mr.  C.  T.  Clough,  Professor  E.  J.  Garwood,  Mr.  E.  Heaavood, 
Dr.  A.  J.  Herbertson,  Colonel  D.  A.  Johnston,  Mr.  0.  T.  Jones, 
Dr.  J.  S.  Keltie,  Mr.  G.  W.  Lamplugh,  Mr.  H.  J.  Mackinder, 
Dr.  J.  E.  Marr,  Dr.  H.  R.  Mill,  Mr.  H.  Yule  Oldham,  Dr.  B. 
Peach,  Professor  W.  W.  Watis,  and  Mr.  H.  B.  Woodward. 
{Drawn  up  by  the  Seci*etary.) 

The  work  of  the  Committee  is  unfortunately  not  yet  sufficiently  advanced 
to  warrant  the  publication  of  a  detailed  report.  A  scheme  of  work  has, 
however,  been  arranged  and  a  satisfactory  system  of  recording  the  words 
devised. 

Each  word  received  is  entered  upon  a  separate  card  and  filed  in 
accordance  with  the  principles  of  a  card-index  Upon  the  card  is  recorded 
the  signed  definition  by  some  competent  authority,  and  (where  possible) 
particulars  of  etymology,  literal  meaning,  and  usage  in  common  life,  as 
well  as  details  of  the  geographical  distribution  of  the  latter,  are  added  in 
spaces  provided  for  the  purpose. 

A  subject-ledger  is  also  being  prepared,  and  it  is  hoped  that  this  may 
be  illustrated  by  photographs  of  typical  examples  of  the  objects  described. 

A  list  of  several  hundred  interesting  words  has  been  formed,  and, 
although  many  of  these  still  require  authoritative  definition,  progress  is 
being  made. 

The  Committee  desire  to  express  their  thanks  to  Mr.  H.  B.  Woodward, 
F.ll.S.,  for  a  long  list  of  *  Terms  applied  to  Scenery,'  which  will  form  a 
most  excellent  nucleus  for  further  work. 
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The  Infltience  of  Salt  and  other  Solutions  on  the  Bevelopmeni  of  the 
Frog, — Report  of  tlie  Conimittee,  consisting  of  Professor  W.  F.  R. 
Weldon  (Ghairman),  Mr.  J.  W.  Jenkinson  {Secreiary)^  and 
Professor  S.  J.  Hickson.     {Brawn  up  by  the  Secretary,) 

In  the  report  presented  to  Section  D  at  the  Cambridge  meeting  in 
1901  an  account  was  given  of  the  development  of  the  frog's  egg  in  a 
number  of  isotonic  solutions  of  various  substances.  The  substances 
employed  were  :  — 

1.  The  chlorides  of  potassium,  lithium,  ammonium,  calcium,  magne- 
sium, barium,  strontium,  and  sodium. 

2.  The  bromides  of  the  same  bases. 

3.  The  iodides  of  sodium,  potassium,  lithium,  and  ammonium. 

4.  The  nitrates  of  sodium,  lithium,  ammonium,  potassium,  magnesium, 
strontium,  and  calcium. 

5.  The  sulphates  of  sodium,  lithium,  ammonium,  and  magnesium. 

6.  Cane  sugar  and  dextrose. 

7.  Urea. 

These  substances  were  employed  in  solutions  isotonic  with  a  solution 
of  sodium  chloride— 0*625  per  cent. — which  was  known  to  produce  a  cer- 
tain distortion  of  development,  and  the  object  of  the  experiment  was  to 
ascertain  whether  the  effects  observed  were  due  to  the  increased  osmotic 
pressure  of  the  medium  or  to  some  other  cause. 

Since  the  publication  of  the  last  report  the  microscopical  investi- 
gation— which  was  not  at  the  time  quite  completed — has  been  brought  to 
a  conclusion,  the  experiments  have  been  repeated  and  confirmed — in  one 
or  two  points  corrected — and  some  new  experiments  undertaken  to  throw 
light,  if  possible,  on  the  same  problem.     The  present  report  embodies :  — 

I.  A  corrected  resumd  of  the  growth  of  the  egg  in  the  isotonic  solu- 
tions referred  to,  to  which  potassium  sulphate  has  been  added. 
II.  An  account  of  the  results  of  the  fresh  experiments. 

I.  Solutions  Isotonic  with  0*625  per  cent,  NaCl. 

In  the  last  report  these  solutions  were  divided  into  four  classes, 
according  to  the  effect  produced. 

A,  The  egg  dies  in  an  early  stage ;  segmentation  or  gastrulation. 
This  occurs  with  NH4CI,  SrClj,  BaClj,  CaClj,  NH4Br,  SrBr^,  BaBr,, 
CaBrj,  MgBrj,  LiI,NH4l,  KI,  NH4NO3,  Ca(N03)j,  Sr(N03)2. 

The  liquefaction  of  yolk -granules,  ascribed  before  to  all  these  solutions, 
has  been  found  not  to  occur  in  NH^I,  Lil,  KI,  NH4Br,  NH4NO3,  or 
Ca(N03)2. 

B.  The  egg  loses  its  power  of  elongating,  and  remains  nearly  spherical ; 
differentiation  of  the  germ -layers  and  of  the  organs  of  the  embryo 
proceeds  nevertheless.  This  effect  was  stated  to  be  produced  by  KCl  and 
LiCl,  NaBr,  RBr  and  LiBr,  NaT,  Li2S04  and  (NH4)jS04,  LiNO.,  and 
KNO3. 

1.  It  has  been  found  that  in  sodium  bromide  development  goes  further 
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than  in  the  others  ;  this  substance  must  accordingly  be  removed  from  this 
class  and  placed  in  the  next. 

2.  Degeneration  and  death  occur  much  earlier  in  lithium  bromide, 
potassium  bromide,  sodium  iodide  and  ammonium  sulphate  than  in  the 
remainder.  In  these  four  salts  the  medullary  groove  never  closes,  even  if 
it  is  formed  ;  the  auditory  vesicles,  infundibulum,  optic  vesicles,  coelom, 
heart  and  suckers  are  never  developed.  It  would  be  better,  therefore,  to 
put  this  group  by  itself  as  a  second  class. 

(3)  To  the  remainder  potassium  sulphate  must  now  be  added. 

In  all  these  salts*  a  considerable  degree  of  differentiation  takes  place, 
but  the  embryo  is  unable  to  elongate.  The  blastopore  is  often  closed,  as 
also  are  the  medullary  folds.  Optic  vesicles,  auditory  vesicles  and 
infundibulum  are  formed,  often  a  small  peritoneal  cavity,  and  sometimes 

i lithium  nitrate)  a  pericardium  and  heart,  or  a  trace  of  the  pronephros 
potassium  chloride).  These  embryos  always  die  without  hatching  out ; 
the  innermost  layer  of  the  jelly  does  not  expand  and  leave  the  embryo 
room  to  elongate,  as  happens  in  normal  development  at  about  the  time 
when  the  medullary  folds  are  formed. 

C  In  the  third  class  of  the  last  report  were  placed  those  solutions — 
sodium  chloride  and  nitrate,  magnesium  chloride,  nitrate  and  sulphate, 
cane  sugar  and  dextrose — in  which,  though  this  elongation  takes  place, 
development  is  nevertheless  distorted  and  death  eventually  ensues. 

As  noted  above,  it  has  now  been  found  necessary  to  associate  the 
bromide  with  the  nitrate  and  the  chloride  of  sodium  in  this  class  ;  further, 
it  is  advisable  to  make  a  distinction  between  (I)  these  three  sodium 
salts,  (2)  the  three  magnesium  salts,  and  (3)  the  two  sugars. 

(1)  In  the  bromide,  chloride,  and  nitrate  of  sodium  the  blastopore  as 
a  rule  does  not  close  and  the  medullary  folds  remain  open,  usually  only  in 
the  region  of  the  brain,  though  sometimes  throughout.  The  variability 
exhibited  by  eggs  of  the  same  batch  in  the  same  solution  in  this  respect 
is  very  remarkable. 

A  tail  is  formed — sometimes  single,  sometimes  double;  and  gills 
(external)  and  gill-slits,  blood-vessels,  pronephros,  and  glomus  are  present. 

The  embryo  may  even  hatch  out  and  attach  itself  to  the  jelly  by  its 
suckers,  but  it  soon  falls  to  the  bottom  and  dies. 

(2)  The  three  salts  of  magnesium  are  more  favourable  to  development. 
The  blastopore  closes,  and  a  fairly  long  tail,  provided  with  a  fin,  grows 
out ;  but  the  brain  remains  open  and  undergoes  the  same  grey  degenera- 
tion, as  described  in  the  previous  report,  found  in  the  monsters  produced 
in  the  solutions  already  mentioned. 

Such  internal  organs  as  the  eyes,  the  heart  and  pericardium,  the 
blood-vessels,  the  pronephros,  and  duct  are  better  developed  than  before. 

(3)  The  solutions  of  dextrose  and  cane  sugar  stand  apart  from  the  rest. 
The  blastopore  closes,  though  slowly,  and  the  yolk-plug  is  withdrawn 

in  both. 

In  dextrose  the  medullary  folds  nearly  close  without  undergoing  any 
marked  degeneration,  and  the  embryo  differs  mainly  from  a  normal  one 
in  the  great  retardation  of  development ;  the  optic  vesicle,  for  example, 
appears  five  days  later  in  the  dextrose  embryo  than  in  the  controls. 

In  cane  sugar,  on  the  other  hand,  the  medullary  folds  remain  widely 
open  and  suffer  grey  degeneration  ;  and  the  embryo  dies  before  the  heart, 
the  blood-vessels,  the  optic  cup  and  lens,  the  gill-slits  and  the  pronephros 
are  formed.  Digitized  by  _    _  _ 
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It  may  he  meDtioned  here  that,  in  view  of  the  possible  objection  that 
this  effect  might  be  due  to  bacterial  toxines,  this  experiment  was  repeated 
under  special  conditions.  The  embryos  were  kept  in  a  constant  stream  of 
sugar  solution,  which  flowed  through  the  apparatus  at  the  rate  of  two 
litres  per  diem. 

2>.  The  fourth  class  comprises  urea  and  sodium  sulphate ;  in  these 
development  is  nearly  (urea)  or  quite  (sodium  sulphate)  normal  in  form 
and  rate. 

Little  remains  to  be  added  to  the  account  given  last  year,  except  that 
the  microscopical  investigation  has  fully  borne  out  the  statement  made 
of  the  external  characters  of  these  embryos. 

To  sum  up,  these  isotonic  solutions  may  he  grouped  according  to  their 
effects  as  follows  : — 

1.  Solutions  which  kill  the  egg  in  an  early  stage  (segmentation  or 
gastrulation). 

2.  Solutions  which  kill  the  embryo  at  a  rather  later  stage,  when  the 
medullary  plate  is  being  formed,  without  permitting  any  very  great  degree 
of  differentiation. 

3.  Solutions  which,  though  they  allow  differentiation  to  proceed  for 
some  way,  do  distort  development : — 

n.  The  embryo  remains  spherical. 
p.  The  embryo  elongates. 

Differentiation  may  go  as  far  in  a  as  in  fl, 

4.  Dextrose  must  be  placed  in  a  class  by  itself  ;  it  seems  to  affect  the 
rate  only,  the  form  of  development  hardly  at  all. 

5.  Solutions  in  which  development  is  nearly  or  quite  normal. 

It  is  clear  that  it  would  be  extremely  difficult  to  assign  the  whole  of 
the  effect  produced  in  each  ca^e  to  the  increased  osmotic  pressure  of  the 
medium,  and  to  that  alone  ;  to  do  this  it  would  be  necessary  to  assume 
that  the  effect  was  inversely  proportional  to  the  permeability  of  the 
embryo  to  the  substance  employed.  There  is,  of  course,  no  direct  evidence 
for  this  whatever. 

Animal  tissues  are,  indeed,  supposed  to  be  more  or  less  impermeable  to 
magnesium  salts,  which  produce  a  less,  and  permeable  to  sodium  chloride, 
which  produces  a  greater,  effect. 

The  toxicity  of  the  reagents  must  far  more  probably  be  set  down  to 
some  other  physical  or  chemical  property  they  possess,  though  what  this 
is  it  is  impossible  to  say  exactly  at  present.  This  is  clearly  shown  by  an 
experiment  which  has  been  made  during  the  present  year. 

11. 

Ammonium  bromide  is  one  of  the  most  poisonous  of  the  substances 
tried  ;  in  a  solution  whose  concentration  (1-04  per  cent.)  is  isotonic  with 
that  of  a  0*625  per  cent,  sodium  chloride  solution  the  egg  dies  during 
segmentation. 

Weaker  solutions  have  now  been  tried,  and  this  is  the  result  : — 

0-26  per  cent.  :  a  segmentation  cavity  is  formed  ;  then  a  dorsal  lip  of 
the  blastopore  and  a  very  short  archenteron  ;  death  follows. 
0'13  per  cent.  :  the  result  is  the  same. 
0065  per  cent.  :  the  result  is  the  same.  r^r^r^n]r> 
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This  is  clearly  not  due  to  the  increase  of  osmotic  pressure  ;  the  same 
must  be  said  of  all  the  substances  of  Class  A. 

As  a  matter  of  fact,  there  is  not  any  evidence  that  the  egg  does 
normally  absorb  water  to  any  extent  while  the  closure  of  the  blastopore 
is  taking  place  ;  it  is  only  after  the  blastopore  has  become  reduced  to  a 
small  circle,  and  when  the  medullary  folds  are  being  formed,  that  the 
innermost  membrane  of  the  jelly  begins  to  expand  and  the  embryo  t^ 
elongate.  Prior  to  this,  therefore,  it  does  not  seem  likely  that  the  e^ 
would  be  sensitive  1o  a  loss  of  water.  Afterwards,  however,  we  do  know 
that  the  embryo  absorbs  water  very  rapidly,  for  Davenport  has  shown 
that  during  the  first  fortnight  after  hatching  the  percentage  of  water  rises 
from  50  to  nearly  90.  By  observing  the  effect  produced  on  tadpoles  by 
these  solutions  it  seemed,  therefore,  possible  to  ascertain  the  permeability 
of  the  tissues  to  the  various  substances,  and  so  obtain  a  sounder  basis  for 
judging  of  the  effects  of  these  solutions  upon  the  earlier  stages. 

The  tadpoles  were  accordingly  placed,  shortly  after  hatching,  in  solu- 
tions—of the  same  concentrations  as  those  already  employed — of  cane 
sugar,  sodium  chloride,  urea,  and  sodium  sulphate. 

In  the  first  two  the  tail  becomes  curled  up  over  the  liack  ;  the  mouth 
becomes,  as  in  the  controls,  transversely  elongated,  the  suckers  oval,  the 
operculum  begins  to  grow  back  over  the  three  external  gills ;  then  the 
larvae,  die. 

In  urea  the  tail  remains  straight ;  in  other  respects  the  tadpoles 
resemble  the  last ;  these  also  die  in  about  five  or  six  days  after  immersion 
in  the  solution. 

Microscopical  examination  shows  that  differentiation  has  been  going 
on  at  nearly  the  same  rate  as  in  the  controls ;  the  cavities  of  the  gut, 
brain,  pronephros  and  ducts,  lungs,  coelom,  blood-vessels,  are  all,  how- 
ever, much  reduced  ;  they  are  most  reduced — in  fact,  almost  obliterated — 
in  cane  sugar,  less  so  in  sodium  chloride,  least  in  urea  ;  in  sodium 
sulphate  they  do  not  appear  to  be  reduced  at  all. 

This  result  seems  to  show  pretty  clearly  that  the  embryonic  tissues 
are  less  permeable  to  cane  sugar  than  to  sodium  chloride,  less  to  sodium 
chloride  than  to  urea,  and  less — ^a  very  little  less — to  urea  than  to  sodium 
sulphate  ;  the  two  latter,  however,  seem  to  be  nearly  harmless,  and,  though 
free  to  permeate  the  body  of  the  larva,  do  not  produce,  at  any  rate  at 
first,  any  marked  deleterious  effect. 

That  these  solutions  do  penetrate  is  shown,  possibly,  in  another  way. 
When  a  normal  tadpole  is  preserved,  as  these  were,  in  picric  acid,  the 
chordal  sheath  becomes  crumpled,  owing  to  the  extraction  of  water  from 
the  notochord  ;  the  sheath  of  the  cane  sugar  tadpoles  is  also  crumpled, 
but  not  in  sodium  chloride,  sodium  sulphate,  or  urea. 

It  may  be  noticed  that  in  cane  sugar  and  sodium  chloride  the 
diameter  of  the  notochord  is  greater  than  the  normal  ;  apparently  this 
organ  continues  to  absorb  water  from  the  tissues  and  to  gix>w  in  length 
(as  well  as  in  breadth)  ;  the  dorsal  caudal  is  wider  than  the  ventral 
caudal  fin ;  the  dorsal  curvature  of,  the  tail  in  these  two  solutions  may 
thus  possibly  be  accounted  for.  ^ 

Assuming  that  the  permeability  of  the  embryo  to  the  different  sab- 
stances  is  the  same  in  earlier  stages  as  in  the  tadpole,  these  results  may 
be  applied  to  the  interpretation  of  those  obtained  before  as  follows  : — 

1.  The  embryo  is  probably  impermeable  to  dextrose  ;  the  effects  pro- 
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daced  by  this  solution  are  then  due  entirely  to  its  capacity  of  withdraw- 
ing water  that  is  needful  for  development. 

2.  Other  solutions — those  of  the  first  class — are  toxic  in  virtue  of 
some  other  property,  though  what  this  is  is  unknown. 

3.  The  same  may  be  said  of  the  solutions  of  the  second  class. 

4.  In  the  case  of  the  chloride,  nitrate  and  bromide  of  sodium,  the 
chloride,  nitrate  and  sulphate  of  magnesium,  the  increased  osmotic  pres- 
sure may  play  some  part,  though  it  certainly  is  not  responsible  for  the 
whole  effect.     Cane  sugar  may  be  best  associated  with  these. 

5.  The  behaviour  of  those  eggs  which  remain  spherical  though  dif- 
ferentiation continues  is  probably  not  to  be  put  down  to  the  increased 
osmotic  pressure  alone  ;  these  embryos  are  quite  unlike  the  dextrose 
embryo.  It  seems  more  likely  that  the  substances  enter  the  ovum,  and 
there  interfere  with  processes  (?  proteolytic  fermentations)  that  would 
normally  result  in  the  production  of  substances  with  a  higher  osmotic 
pressure  than,  and  capable  of  absorbing  water  from,  the  medium.  That 
potassium  chloride,  for  example,  does  penetrate  the  tissues  is  proved  by 
the  liquefaction  of  yolk-granules  which  occurs  in  this  solution. 

Finally,  there  remains  to  be  described  the  effect  of  more  concentrated 
solutions  of  substances — urea  and  sodium  sulphate — which  are  known  to 
penetrate  the  embryonic  tissues,  but  in  the  strengths  employed  before 
were  harmless. 

Sodiujn  Sidphaie,— The  solutions  employed  were  :  (1)  1-16  per  cent, 
(this  is  the  original  concentration)  ;  (2)  1  -326  per  cent.  ;  (3)  1*54  per  cent.  ; 
(4)  1-85  per  cent.  ;  (5)  2*32  per  cent.  ;  (6)  25  per  cent.  ;  (7)  3  per  cent.  ; 
(8)  3-6  per  cent. ;  (9)  4  per  cent. 

(l\  Development  is  normal. 

(2)  The  brain  and  blastopore  may  both  remain  open  ;  the  open  brain 
degenerates  and  becomes  grey.  Internally  there  is  considerable  differentia- 
tion ;  nerve-fibrea  are  developed  in  the  spinal  cord,  the  eye — retina,  cho- 
roid fissure,  lens — is  normal,  the  heart  is  bent,  there  are  three  pronephric 
funnels,  and  the  peritoneal  cavity  is  large.  The  stomodseum  is,  however, 
still  closed  at  the  time  when  the  larva  dies. 

(3)  Much  as  the  last,  but  the  optic  cup  is  not  quite  normal  and  the 
lens  is  solid. 

(4)  The  tail  is  very  short  and  the  fin  badly  developed.  Internally  the 
peritoneal  cavity  is  not  developed,  and  the  gut  lumen  is  very  narrow. 

(5)  The  tail  is  shorter  still,  and  the  medullary  groove  is  open  and  grey 
throughout.  This  embryo  resembles  a  typical  sodium  chloride  monster. 
The  heart  is  solid,  and  there  is  only  one  pronephric  funnel. 

(6)  Externally  this  resembles  the  last.  Internally  the  pericardium  is 
smaller,  the  gill  slits  are  absent,  and  there  is  only  a  pronephric  ridge — no 
tubules.     The  notochord  is  still  vacuolated. 

(7)  In  this  solution  degeneration  sets  in  at  a  much  earlier  stage.  The 
yolk -plug  is  very  large  ;  the  medullary  folds  are  formed  and  become 
grey  ;  below  what  appears  to  be  the  dorsal  lip  of  the  blastopore  is  a 
grey  zone  between  the  lip  and  the  white  yolk-plug.  Sections,  however, 
discover  the  interesting  fact  that  the  lower  margin  of  this  grey  zone  is 
in  reality  the  blastoporic  lip,  and  is  separated  from  the  yolk  by  a  slight 
indentation.  The  apparent  blastoporic  lip  is  the  rim  of  an  aperture  lead- 
ing into  an  archenteric  cavity,  as  it  must  be  called,  since  notochord  and 
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mesoderm  are  differentiated  in  its  roof,  but  situated  wholly  tmthin  the 
animal  hemisphere. 

(8)  These  embryos  resemble  the  last,  but  neither  medullary  groove, 
notochord,  nor  mesoderm  is  formed. 

(9)  There  is,  perhaps,  a  slight  blastoporic  invagination,  but  the  animal 
hemisphere  is  so  exceedingly  rough  and  corrugated  that  this  is  hard  to 
make  out. 

Part  of  the  roof  of  the  segmentation  cavity  is  thickened  and  infolded  ; 
this  seems  to  represent  a  medullary  plate. 

Urea, — The  original  concentration  of  urea  employed  was  1-14  per  cent. 

The  eggs  were  placed  in  the  following  more  concentrated  solutions : 
(1)  117  per  cent. ;  (2)  1-33  per  cent. ;  (3)  1-56  per  cent. ;  (4)  1-87  por 
cent. ;  (5)  2-34  per  cent. 

cu  2-34  per  cent. — The  yolk  is  nucleated,  but  unsegmented  ;  the  animal 
hemisphere  is  incompletely  segmented  ;  it  consists  of  a  mass  of  small  uni- 
or  multi-nucleate  masses  covered  by  a  layer  of  flat  cells.  The  nuclei  are 
either  very  large,  pale  and  reticular,  or  small  and  homogeneous.  Very 
often  the  animal  hemisphere  is  thrown  into  round,  projecting,  multi- 
nucleate masses,  which  recall  the  <  f  ramboisia '  of  Roux.  The  egg  does  not 
advance  beyond  this  condition. 

p.  1*87  per  cent. — In  its  effects  this  solution  closely  resembles  the  last ; 
there  are,  however,  more  nuclei  in  the  yolk. 

y.  1*56  per  cent. — The  contrast  between  this  and  the  last  is  rather 
remarkable.  The  medullary  folds  are  wholly  closed ;  there  is,  however, 
a  small  persistent  yolk -plug  ;  the  tail  is  short  and  provided  with  a  fin  ; 
there  is  a  nostril,  and  the  external  gills  and  gill-slits  are  formed.  A  bent 
heart,  fairly  large  pericardium,  blood-vessels,  and  auditory  vesicle  are 
formed  ;  the  pronephros  has  only  one  funnel,  and  the  duct  is  not  open  to 
the  cloaca ;  the  retina  is  well  developed,  with  the  choroid  fissure,  but 
there  is  no  lens. 

Quite  the  most  remarkable  feature  of  these  embryos  is,  however,  the 
doubling  or  tripling  of  the  notochord. 

In  addition  to  the  usual  vacuolated  chord  between  the  roof  of  the 
gut  and  the  spinal  cord,  two  other  notochords,  as  they  must  be  termed,  are 
found,  sometimes  three  others  :  (I)  The  cells  which  form  the  roof  of  the 
gut  take  on  the  characteristic  vacuolation  of  notochordal  tissue ;  the  mass 
of  cells  so  formed  is  irregular,  but  certain  parts  of  it  become  rounded  off 
and  assume  a  cylindrical  shape  like  the  notochord  proper.  This  'enteric  * 
notochord,  as  I  will  call  it,  is  fused  here  and  there  with  the  notochord 
proper,  and  is  found  usually  about  the  region  of  the  heart  only. 

(2)  A  certain  lateral  or  latero- ventral  portion  of  the  wall  of  the 
medullary  tube  behaves  in  precisely  the  same  way,  the  vacuolated  cells 
actually  lying  next  the  lumen.  This  *  neural  notochord '  may,  but  does 
not  necessarily,  fuse  with  the  notochord  proper  ;  it,  too,  does  not  extend 
the  whole  length  of  the  body. 

(3)  Lateral  *  mesodermal  notochords '  may  be  formed  in  the  same  way. 
This  occurrence  of  a  specific  kind  of  histological  differentiation  in  an 

abnormal  situation  is  a  point  of  considerable  interest,  showing,  as  it  does, 
that  the  prospective  potentiality  of  gut  roof,  protovertebrse  and  medullary 
tube  is  not  yet  fixed.  It  also  suggests  the  possibility  that  the  formation 
of  the  normal  notochord  may  be  due  to  the  accumulation — in  the  mid- 
dorsal  line— of  the  excretory  products  of  the  extremely  active  metabolism 
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that  is  there  going  on  as  a  result  of  the  bilateral  closure  of  the  blasto- 
pore. 

^.  1*33  per  cent.— The  tail  is  rather  longer  and  the  fin  broader  than 
before.  The  yolk-plugis  wholly  withdrawn.  A  lens  is  formed  and  nerve- 
fibres  are  differentiated. 

Three  notochords — ordinary,  *  neural '  and  *  enteric ' — are  found,  as  in 
the  last. 

c.  1*17  per  cent. — In  this  solution  development  is  nearly  normal. 
There  are  three  pronephric  funnels  and  the  peritoneal  cavity  is  large.  An 
*  enteric '  but  not  a  *  neural '  notochord  is  found. 

It  may  be  pointed  out  that  the  distorted  developments  produced  by 
these  concentrated  solutions  of  sodium  sulphate  and  urea  are  not  like  the 
effects  of,  for  example,  dextrose. 

The  reasons  for  believing  that  the  tissues  are  permeable  to  these  two 
substances  have  been  given,  and  it  dues  not  seem  likely  that  the  increased 
osmotic  pressure  plays,  at  any  rate,  an  important  part  in  the  process. 

At  the  same  time,  it  must  be  confessed  that  these  experiments  do  not, 
of  themselves,  conclusively  prove  that  the  embryo  absorbs  no  water  during 
the  closure  of  the  blastopore.  It  would  be  advisable  to  institute  a  series 
of  *  desiccation '  experiments,  and  also  to  grow  the  embryo  in  stronger 
solutions  of  dextrose.     This  it  is  hoped  will  be  done  next  season. 

Apart,  however,  from  this  particular  problem,  the  experiments  above 
described  have  brought  out  several  points  which  throw  an  interesting 
side-light  on  certain  of  the  processes  of  normal  development :  for  example, 
the  reduction  of  the  lilmen  and  increase  in  thickness  of  the  walls  of  the 
medullary  tube  in  those  cases  in  which  the  embryo  remains  spherical 
recalls  the  'solid  '  medullary  groove  of  Petromyzon,  Teleostei,  and  certain 
other  fishes  ;  again,  the  way  in  which  the  medullary  groove  closes  in 
certain  cases  resembles  the  mode  of  its  closure  in  Amphioxus  ;  the  forma- 
tion of  the  notochord  in  many  of  these  solutions  from  the  whole  thickness 
of  the  archenteric  roof  is  just  what  occurs  normally  in  some  Anura,  the 
Urodela,  and  Petromyzon.  These  instances  will  suffice  to  show  that  ex- 
periments of  this  kind  may  be  fruitful  in  results  which  can  be  applied  to 
the  causal  explanation  of  developmental  events.  This  and  kindred  work 
will,  it  ishop^,  be  continued,  and  for  all  these  reasons  the  Committee  ask 
that  they  may  be  reappointed,  with  a  renewal  of  the  grant. 


Occupcdion  of  a  Table  at  the  Zoological  Station  at  Naples.  -Bepori  of 
the  Committee^  coiisiding  of  Professor  S.  J.  HiCKSON  {Chairman), 
Rev.  T.  R.  R.  Stebbing  (SecreUmj),  Professor  E.  Ray  Lankester, 
Professor  W.  F.  R.  Weldon,  Professor  G.  B.  Howes,  Mr.  A. 
Sedgwick,  Professor  W.  C.  McIntosh,  aiid  Mr.  G.  P.  Bidder. 

The  table  has  been  occupied  during  the  greater  part  of  the  year  by 
Mr.  Geoffrey  Smith,  B.A.,  who  has  been  engaged  in  a  research  upon  the 
Rhizocephala. 

Dr.  Edith  M.  Pratt  visited  the  station  in  April  and,  by  the  kindness 
of  Dr.  Dohrn,  was  allowed  to  occupy  a  table  during  her  stay  there,  the 
Association's  table  being  then  in  the  occupation  of  Mr.  Smith. 

The  Committee  have  to  lament  the  decease  of  their  esteemed  collea^i^ 
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Professor  Howes,  and,  with  the  necessary  omission  of  his  name,  they  desire 
to  be  reappointed  and  ask  for  the  requisite  grant  of  £100. 
The  reports  of  Mr.  Smith  and  Miss  Pratt  are  appended. 

Report  of  Mr.  Geoffrey  Smith,  B.A. 

When  I  was  appointed  to  the  table  at  the  beginning  of  this  year  I 
was  engaged  in  writing  a  monograph  on  the  Rhizocephala  for  the  station. 
During  my  occupation  of  the  table  I  have  continued  that  work,  and  it  is 
now  finished  and  ready  for  publication,  with  the  exception  of  one  chapter, 
which  I  hope  to  finish  during  the  summer. 

The  monograph  will  contain  the  following  chapters  : — 

I.  General  Introduction,  Morphology,  and  Review  of  Literature. 

II.  Reproduction  and  Sexual  Organisation.  Maturation  and  Partheno- 
genesis of  Ovum  in  Sacculina  and  Peltogaster.  History  of  complemental 
males. 

III.  Embryonic  development  and  larval  history  of  Sacculina  and 
Peltogaster. 

IV.  Fixation  of  larva  on  host  (not  yet  finished)  and  inoculation. 

V.  Endoparasitic  development  of  Sacculina  and  Peltogaster,  with 
accounts  of  earliest  stages  not  described  by  Delage.     Organogeny. 

VI.  The  effect  of  the  parasi^iO  on  its  host :  parasitic  castration  and 
the  production  of  perfect  hermaphrodites  through  the  influence  of  the 
parasite.     An  analysis  of  sex  afforded  by  the  facts  of  parasitic  castration. 

VII.  The  life  history  of  Dancdia  ciirvcUa,  an  Isopodan  parasite  of 
Sacculina.  General  discussion  on  meaning  of  hermaphroditism  of  fixed 
animals. 

YIII.  Systematic  guide  to  the  genera  and  species  of  Rhizocephala. 

Besides  this  monograph,  which  will  be  published  during  the  coming 
winter,  I  have  finished,  whilst  in  the  occupation  of  the  table,  a  paper  on 
High  and  Low  Dimorphism,  which  was  begun  during  the  previous  year, 
and  will  be  published  in  the  Station  '  Mittheilungen  '  in  the  winter.  Also 
a  short  note  on  a  new  species  of  gregarine,  which  causes  the  parasitic  cas- 
tration of  a  species  of  spider-crab.  This  is  the  first  clear  instance  of  a 
gregarine  as  the  cause  of  parasitic  castration. 

Report  of  Miss  Edith  M,  Pratt,  D,Sc. 

By  the  kindness  of  Dr.  Dobrn  I  was  allowed  to  occupy  a  table  at  the 
Zoological  Station  at  Naples  from  April  5  to  April  26,  1905.  During 
that  time  I  made  an  experimental  investigation  of  the  excretory  apparatus 
of  Pennatulida  and  the  phenomena  of  the  expansion  and  contraction  of 
their  rachis. 

I  also  made  some  feeding  experiments  on  several  other  Ccelenterata, 
and  have  confirmed  my  previous  observations  on  the  distribution  of 
nutriment  in  Alcyonium  digitatum}  The  examination  of  microscopic 
preparations  of  the  preserved  material  used  in  my  experiments  is  being 
carried  out  in  the  zoological  laboratory  in  the  University  of  Manchester, 
and  the  results  will  be  prepared  for  publication  shortly. 

I  must  express  my  gratitude  to  the  Committee  for  recommending  me 
to  the  privilege  of  occupying  a  tabic. 

»  BHt.  Aiaoo.  Rep.,  Sect.  D.,  1903. 
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Investigatiofts  at  iJie  Marine  Biological  Lahoralory,  Plymotith, — 
Report  of  the  Committee,  consisting  of  Mr.  W.  Garstanu  (Chair- 
man  and  Secretary),  Professor  E.  Ray  Lankester,  Mr.  A.  Sedg- 
wick, Professor  Sydney  H.  Vines,  and  Professor  W.  F.  R. 
Weldon.     (Draum  tip  by  the  Secretary.) 

The  British  Association's  table  at  the  Plymouth  Laboratory,  available 
for  one  month  during  1904-05,  was  allotted,  after  application,  to  Pro- 
fessor E.  W.  BfacBride,  P.R.8.,  to  enable  him  to  carry  out  further  inves- 
tigations on  the  development  of  Ophioihrix  fragUis. 
Professor  MacBride's  report  is  appended. 

Report  on  the  Work  done  dtcrhig  tits  Occupation  of  tlie  British  Association 
Table  at  Plymouth^  June  1905.     By  Professor  E.  W.  MacBride. 

The  subject  selected  for  investigation  was  the  development  of  the 
comoion  British  species  of  Ophiurid,  Ophiothrix  fragilis.  It  was  hoped 
that  sufficient  material  would  have  been  obtained  to  make  a  thorough  and 
exhaustive  investigation  of  the  development  of  the  organs  in  an  Ophiurid 
pluteus,  and  their  metamorphosis  into  those  of  the  adult.  Though  this 
result  was  not  attained  on  this  occasion,  the  development  of  the  larva 
from  the  egg  up  to  an  age  of  sixteen  days  was  traced  step  by  step.  At  this 
period  the  larva  has  attained  its  full  development,  and  the  iirst  trace  of 
the  metamorphosis  has  appeared. 

In  1898,  when  occupying  the  Cambridge  University  table  at  Plymouth, 
I  was  more  fortunate,  as  I  then  succeeded  in  getting  two  or  three  larvsa 
to  complete  their  development ;  a  process  which  occupied  twenty- three  days. 
In  1899,  when  occupying  the  table  of  the  British  Association,  I  was 
fortunate  enough  to  obtain  a  large  quantity  of  Plankton,  with  numerous 
specimens  of  the  pluteus  of  Ophiothrix  in  ^-arious  stages  of  metamorphosis, 
and  with  the  aid  of  the  material  obtained  this  year  I  hope  eventually  to 
be  able  to  give  a  complete  account  of  the  development  of  Ophiothrix 
fragilis  similar  to  the  account  I  have  already  given  of  the  development 
of  Echinus  esculentus. 

The  cause  of  my  failure  to  rear  the  larvse  completely  through  their 
metamorphosis  this  year  was  the  scarcity  of  the  proper  Phytoplankton. 
In  1898  this  was  particularly  abundant,  and  the  free-swimming  form 
Coscinodiscns  seems  to  have  been  the  one  which  caused  the  experiment  to 
succeed.  This  year,  although  every  device  was  tried — a  limited  number 
of  the  larvie  (which  are  much  smaller  than  those  of  Echinus  esculentus) 
being  placed  in  a  10-gallon  bell-jar  fitted  with  a  plunger — after  a  certain 
period  the  larvte  ceased  to  develop  ;  they  then  sank  to  the  bottom,  where 
they  continued  to  live  for  a  cojisiderable  time,  slowly  absorbing  the  long 
arms  (t.e.,  processes  of  the  ciliated  band)  till  in  extreme  cases  they 
assumed  the  forms  of  little  triangles,  all  the  arms  having  disappeared. 
Control  experiments  made  in  2-g8bllon  jars,  which  were  immersed  in  the 
water  of  the  tanks,  showed  that  temperature  had  no  influence  in  the 
result ;  and  the  perfect  health  of  the  larvae  aa  long  as  any  food  could 
be  discerned  in  their  stomachs  showed  that  the  other  conditions  were 
all  right. 

In  this  connection   it  must   be   noted   that   there   is   apparently  a 
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connection  between  the  appearance  of  the  proper  food  iu  the  water  and  the 
ripening  of  the  adults.  In  1898  there  was  no  difficulty  in  finding  ripe 
males  and  females  ;  in  fact  it  was  their  evident  abundance  which  induced 
me  to  undertake  the  experiment  of  rearing  the  larvae  on  that  occasion,  as 
the  main  object  of  my  investigation  then  was  the  development  of  Echinits 
esculentus.  But  this  year,  although  hundreds  of  specimens  were  exa- 
mined, only  two  ripe  females  were  found,  the  second  of  which,  however, 
spawned  naturally  and  provided  me  with  abundance  of  fertilised  eggs. 
These  eggs  are  small  and  opaque,  yellowish-red  by  reflected  light.  They 
are  about  0*1  mm.  in  diameter.  When  sections  of  the  segmentation 
stages  are  made,  it  is  seen  that  segmentation  leads  to  the  formation  of  a 
solid  morula — not  to  the  formation  of  a  blastosphere  as  in  other  Echino- 
derms.  At  fifteen  hours  the  eggs  have  become  free-swimming  larvae, 
which  consist  of  a  superficial  sheet  of  tall  ectoderm  cells  and  an  interior 
mass  of  rounded  colls.  A  little  later  an  invagination  appears  at  one  end, 
pushing  these  cells  to  one  side,  and  iu  this  way  the  gastrula  stage  is 
attained.  The  larva  now  assumes  the  Rhape  of  a  V  by  the  appearance  of 
lateral  outgrowths,  the  dorso-lateral  arms  so  characteristically  predo- 
minant thi*oughout  the  later  history  of  the  larva.  It  is  then  seen  that 
the  cells  which  constitute  the  interior  mass  of  the  earliest  larva  are  the 
mesenchyme  cells  destined  to  form  the  supporting  rods  for  these  arms, 
and  the  difference  between  the  development  of  Ophiothrix  and  that  of 
other  Echinodermata  is  simply  due  to  the  precocious  appearance  of  this 
mesenchyme. 

The  ccelom  is  formed,  as  in  Asterids,  as  a  vesicle  from  the  apex  of  the 
gut  and  becomes  immediately  divided  into  right  and  left  halves,  and  the 
left  sends  out  a  dorsal  outgrowth  which  forms  the  primary  pore-canal 
and  forms  the  first  madreporic  pore.  Each  portion  of  the  coelom  next 
divides  into  anterior  and  posterior  halves,  and  the  short  prse-oral  and 
post-oral  ciliated  'arms'  of  the  larva  are  formed.  Then  when  the  age, 
nine  to  ten  days,  is  attained  the  posterior  dorsal  arms  make  their  appear 
ance,  completing  the  equipment  of  the  larva.  It  is  worthy  of  note  that 
the  entire  larval  skeleton  consists  of  two  spicules  of  carbonate  of  lime — 
a  right  and  a  left  one.  The  main  branches  of  the  spicules  support  the 
main  dorso-lateral  arms  ;  as  new  arms  are  formed  branches  of  the  spicule 
extend  into  them. 

At  about  eleven  days  the  anterior  coelom  on  each  side  shows  a 
posterior  swelling,  which  is  at  first  a  solid  mass  of  cells,  but  soon  becomes 
hollow.  That  on  the  left  side  assumes  the  characteristic  five-lobed  appear- 
ance which  distinguishes  it  as  the  hydrocode  or  rudiment  of  the  water- 
vascular  system.  That  on  the  right  side  is  at  first  exactly  similar  to  that 
on  the  left,  and  appears  at  the  same  time.  It  becomes  hollow,  but  never 
takes  on  the  five-lobed  form  ;  and  later  it  seems  to  become  again  a  solid 
mass  of  cells.  There  is  no  doubt  at  all  that  it  is  a  rudimentary  fellow  of 
the  hydrocoele,  and  its  appearance  points  to  the  conclusion  that  this 
organ  was  originally  double.  I  have  described  a  right  hydrocoele 
in  the  case  of  Echinna  esculentus  and  Aaterina  gihhosa  ;  but  in  neither 
case  was  its  nature  so  beautifully  evident  as  in  the  case  of  Ophio- 
thrix  fragilis.  Bury  *  maintained  that  the  hydrocoele  in  Ophiuridea 
was  formed  from  the  posterior  division  of  the  coelom.  This  is  a  mistake, 
easily  explicable  if  earlier  stages  are  missed  out,  for  the  posterior  coelom 
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grows  forward  and  becomes  closely  apposed  to  the  hydrocoele,  leading 
easily  to  the  belief  that  the  two  are  organically  connected. 

So  far  only  have  my  investigations  extended.  I  trust  this  winter  to 
be  able  thoroughly  to  investigate  the  metamorphosis.  I  may  add  one 
interesting  observation  which  I  was  able  to  make  on  the  habits  of  the 
adult  Ophiothrix/ragilis.  The  characteristic  radial  plates  in  the  dorsal 
skeleton  of  an  Ophiurid  have  hitherto  reached  an  explanation.  When  a 
number  of  specimens  just  brought  in  were  placed  in  a  limited  quantity  of 
water  they  were  seen  to  alternately  raise  and  depress  these  ossicles,  with 
the  result  that  the  dorsal  surface  was  alternately  raised  into  a  conical 
form  and  depressed.  On  dissection  it  was  found  that  the  radial  plates 
articulated  with  one  of  the  vertebrae  in  each  arm,  and  on  each  side  of  the 
articulation  there  were  muscles  by  whose  aid  the  movements  were  pro- 
duced. The  object  of  the  movement  is  no  doubt  respiratory.  Since  both 
genital  bursas  and  stomach  are  attached  by  bands  to  the  dorsal  surface  of 
the  test,  they  must  necessarily  be  expanded  by  the  upward  movement,  and 
must  collapse  with  the  downward,  causing  an  alternate  inflow  and  expul- 
sion of  water.  The  ordinary  respiration  of  an  Ophiurid  results  from  the 
action  of  the  cilia  lining  the  genital  bursa;  so  that  these  movements  may 
be  compared  to  the  forced  respiratory  movements  of  the  ribs  in  man  as 
opposed  to  the  action  of  the  diaphragm. 

In  conclusion  T  should  like  to  express  my  obligations  to  Dr.  Allen 
and  his  able  assistant,  Mr.  Smith,  for  their  untiring  efibrts  in  aid  of  my 
work. 


Index  Gejiencni  et  Specienim  Animalium. — Repart  of  the  Coinmittee, 
consisting  of  Dr.  Henry  Woodward  (Chairman)^  Dr.  F.  A. 
Bather  (SecretariJ),  Dr.  P.  L.  Sclater,  Rev.  T.  R.  R.  Stebbing, 
Dr.  W.  E.  Hoyle,  and  the  Hon.  Walter  Rothschild. 

Satispactorv  progress  has  been  made  by  Mr.  Da  vies  Sherborn  in  the 
recording  of  literature  from  1801  onwards.  Among  other  works  now 
indexed  up  to  1850  may  be  mentioned  the  'Annals  and  Magazine  of 
Natural  History,'  the  *  Academia  Csesarea,'  and  the  *  Neues  Jahrbuch  f iir 
Mineralogie.'  Various  tracts  dealing  with  the  collation  of  difficult  books 
have  been  issued,  and  a  reprint  of  the  descriptions  of  new  species  of  birds 
drawn  up  by  Pallas  for  *  Vroeg's  Catalogue,'  1764,  has  been  published  by 
the  Smithsonian  Institution,  under  Mr.  Sherborn's  care,  from  the  unique 
copy  in  the  Linnean  Society's  Library.  The  search  for  rare  books  still 
continues,  and  any  such  acquisitions  are  made  available  for  public  use 
by  transference  to  one  or  other  of  the  accessible  libraiies.  Special  thanks 
are  due  to  the  Italian  Government,  the  University  of  Padua,  and  Pro- 
fessor Dante  Pantanelli,  for  enabling  the  Committee  to  examine  the 
*  Tavola  alfabetica  delle  conchiglie  adriatiche '  of  Stefano  Andrea  Renier 
(1804).  Help  of  this  nature,  as  well  as  valuable  criticism,  is  continually 
forthcoming  from  home  and  abroad,  and  the  general  interest  taken  in  the 
published  volume  (1758-1800)  is  highly  gratifying  to  Mr.  Sherborn  and 
satisfactory  to  this  Committee,  which,  in  this  connection,  desire  to  thank 
especially  Mr.  L.  B.  Prout  and  Mr.  C.  W.  Richmond. 

The  Committee  desire  to  be  reappointed,  with  the  addition  of  Lord 
Walsingham,  and  trust  that  the  grant  will  be  restored  to  the  previous 
amount — namely,  100/.  Digitized  by  ^  iC 
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The  ZooLogy  of  the  Satulwich  Islwruh. — Fifteenth  Report  of  the  Com- 
mittee^ comisting  of  Professor  Newton  (Chaiimcm),  Mr.  David 
Sharp  (Secretary),  Dr.  W.  T.  Blanford,  Professor  S.  J.  HiCKSON, 
Dr.  P.  L.  ScLATER,  Dr.  F.  Du  Cane  Godman,  mid  Mr.  Edgar 
A.  Smfth. 

This  Committee  was  appointed  in  1890,  and  has  been  since  annually  re- 
appointed. 

Since  the  last  report  parts  of  the  collections  worked  out  have  been 
delivered  to  the  British  Museum  (Natural  History)  and  to  the  Bernice 
P.  Bishop  Museum  at  Honolulu.  The  Secretary  has  done  a  little  towards 
the  working  out  of  the  remaining  Coleoptera,  but  there  is  still  a  great 
(leal  to  do  to  complete  this  Order  of  Insects. 

The  Committee  therefore  ask  for  reappointment,  with  a  continuance 
of  their  powers,  but  do  not  require  a  grant  of  money. 


Madreporaria  of  the  Bermudxi  Islanh, — Report  of  the  Committee, 
consisting  of  Professor  S.  J.  Hickson  (Chairman),  Dr.  W.  E. 
HoYLE  (Secretary),  Dr.  F.  F.  Blackman,  Mr.  J.  S.  Gardiner, 
Professor  W.  A.  Herdman,  Mr.  A.  C.  Seward,  Professor  C  S. 
Sherrington,  ami  Mr.  A.  G.  Tansley,  appointed  to  condnct  an 
investigation  into  tlie  Madreporaria  of  the  Bermuda  Islaruls. 

The  Committee  beg  leave  to  report  that  no  opportunity  has  presented 
itself  of  sending  a  naturalist  to  the  Bermuda  Islands  to  carryout  the  in- 
vestigation. The  Committee  has  been  in  readiness  to  co-operate  with  the 
authorities  of  the  marine  laboratory  established  by  the  United  States, 
but  they  have  not  found  any  means  of  taking  combined  action.  As 
they  are  of  opinion  that  they  are  not  likely  to  be  able  to  render  any 
useful  service  in  the  near  future,  the  Committee  do  not  ask  to  be 
reappointed. 


Zoology  Organisation, — Report  of  the  Committee,  consisting  of  Pro- 
fessors E.  Ray  Lankester  (Chairman),  S.  J.  Hickson  (Secretary), 
T.  W.  Bridue,  J.  C08SAR  EwART,  M.  Hartoh,  W.  A.  Herdman, 
ami  J.  Graham  Kerr,  Mr.  0.  H.  Latter,  Professor  E.  A. 
MiNciiiN,  Dr.  P.  C.  Mitcuell,  Professor  C.  Lloyd  Morgan, 
Professor  E.  B.  Pollton,  Mr.  A,  Sedgwick,  Mr.  A.  E.  Shiplev, 
and  Rev.  T.  R.  R.  Stebbing. 

The  Committee  report  that  a  Register  of  Zoologists  has  been  established 
and  that  fifty- seven  zoologists  have  accepted  the  invitation  of  the  Com-, 
mittee  to  place  their  names  upon  the  Register. 

The  Committee  have  obtained  by  correspondence  the  opinion  of  a  large 
number  of  the  zoologists  of  the  country  upon  the  question  of  the  import- 
ance of  the  grant  applied  for  by  the  Committee  of  Section  D  to  enable  a 
Committee  to  send  a  competent  investigator  to  the  Zoological  Station  in 
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Naples.  Other  matters  affecting  the  interests  of  zoologists  in  the  countr}' 
have  engaged  the  attention  of  the  Committee  during  the  year. 

A  meeting  of  the  Committee  was  held  in  London  on  May  11. 

A  meeting  of  zoologists  summoned  by  the  Committee  to  consider  the 
question  of  the  teaching  of  natural  history  in  schools  was  held  in  the 
Zoological  Gardens,  London,  on  the  same  date. 

The  Secretary  has  received  in  subscriptions  and  donations  21L  28.  7c/., 
and  spent  in  postage  and  printing  4Z. 

The  Committee  ask  to  be  reappointed. 


CoUrur  Phydoloijy  of  the  Higher  Oi-iistacea. — Interim  Report  of  the 
Cornmitteey  co7isisting  of  Professor  S.  J.  Hickson  (Chairman),  Dr. 
F.  W.  Gamble  (Secretary),  Dr.  W.  E.  Hoyle,  arul  Mr.  F.  W. 
Keeble,  appointed  to  erwlle  Dr.  F.  W.  Oamhle  and  Mr.  Keeble 
to  conduct  Researches  in  the  Colour  Physiology  of  the  Higher 
Crustacea, 

Last  summer,  in  Mr.  Keeble's  laboratory  at  Tiegastel,  Brittany,  a  further 
spell  of  work  on  the  colour  physiology  of  the  higher  Crustacea  was 
carried  out  by  Messrs.  Gamble  and  Keeble.  Its  results  have  recently 
appeared  in  the  ^  Philosophical  Transactions,'  and  form  the  necessary 
preliminary  to  that  research  on  the  relation  between  respiratory  phenomena 
and  colour  change  for  the  furtherance  of  which  this  grant  was  made  last 
summer.  That  research  can  only  be  carried  out  in  the  summer  vacation, 
and  Messrs.  Keeble  and  Gamble  are  just  about  to  start  experimental 
work,  and  have  not  yet  spent  the  grant.  Accordingly,  in  presenting  this 
interim  Report,  the  Committee  ask  to  be  reappointed  and  for  the  grant  to 
be  renewed. 


On  the  Accuracy  and  Comparability  of  British  and  Foreign  Statistics 
of  IniemaMonal  Trade. — Report  of  tlie  Committee,  consisting  of 
Dr.  E.  Cannan  (ChairmmC),  Mr.  W.  G.  S.  Adams  (Secretary), 
Mr.  A.  L.  Bowley,  Professor  S.  J.  Chapman,  awl  Sir  R.  Giffen. 

Thb  Committee  have  made  inquiries  during  the  past  year  with  regard  to 
the  statistics  of  imports  and  exports  published  by  the  Governments  of 
British  Colonies  and  other  States  forming  part  of  the  British  Empire. 
Owing  to  the  shorter  interval  available  for  such  inquiry,  and  also  to  the 
delays  consequent  in  obtaining  information  from  lands  widely  distant, 
it  has  not  been  found  possible  to  do  more  than  carry  this  investigation 
through  the  preliminary  stages  ;  but  it  has  seemed  desirable  that  the 
facts  already  collected,  and  certain  general  considerations  arising  out  of 
them,  should  be  presented  as  an  interim  report.  The  accumulation  of 
information  on  a  complex  and  highly  detailed  question  such  as  the 
accuracy  and  comparability  of  international  statistics  may  be  persisted 
in  proBtably  for  a  succession  of  years,  and  the  patient  and  comprehensive 
study  of  the  subject  should  materially  assist  in  forwarding  reforms  of 
practical  value.  The  inquiry  has  been  continued  largely  on  the  lines 
adopted  in  the  previous  report,  and  is  supplementary  to  it. o^^ 


188  REPORT— 1905. 

The  subject-matter  is  presented  under  the  following  heads  : — 

A.  Definition  of  International  Trada 

£.  Estimation  of  Values  of  Imports  and  Exports. 

C.  Determination  of  the  Country  of  Origin  and  of  Destination. 

D.  Classification  of  Articles  of  Import  and  Export. 

E.  Recent  Changes  affecting  Import  and  Export  Statistics. 

F.  Comparability  and  Accuracy. 

G.  Suggestions  as  to  Reform. 

A.  Definition  of  InternatioficU  Trade, 

Owing  to  the  more  explicit  statements  which  now  preface  colonial 
reports  and  tables,  errors  are  less  likely  to  be  made  now  than  formerly  as 
to  what  is  included  in  the  returns  of  imports  and  exports. 

(1)  It  is  usual  in  the  colonial  returns  of  imports  and  exports  to 
include  all  articles  which  are  landed,  even  though  only  for  transit  pur- 
poses, but  to  exclude  such  articles  as  are  transhipped  but  not  landed. 
It  is  deserving  of  note,  however,  that  in  the  case  of  Canada,  as  stated  in 
a  memorandum  received  by  the  Committee  from  the  Minister  of  Customs, 
Ottawa,  the  transit  trade  is  not  included  in  either  the  import  or  export 
statements,  and,  in  fact,  is  not  compiled  for  publication,  except  in  so  far 
as  the  port  of  Montreal  is  concerned.  This  trade  for  the  port  of 
Montreal  during  the  fiscal  year  ended  June  30,  1903,  was  ;pi  1,689,912. 
In  it  are  included  articles  intended  for  other  countries  which  pass 
through  Canada  in  the  course  of  their  transportation,  but  which  have  not 
been  purchased  or  sold  in  Canada  and  are  not  intended  for  use  in  Canada. 
In  the  c€Lse  of  Trinidad,  on  the  other  hand,  where,  comparatively  speak- 
ing, there  is  a  considerable  transhipment  trade  from  the  Port  of  Spain  to 
the  Orinoco,  such  trade  is  included  in  the  exports  of  Trinidad,  but  the 
fact  is  clearly  stated  in  the  Customs  returns  of  the  colony. 

(2)  The  practice  as  to  the  inclusion  or  exclusion  of  bullion  and  specie 
varies  in  the  statistical  returns  of  the  several  colonies,  but  explicit  state- 
ments are  made  on  the  subject,  which  should  prevent  error.  In  the 
Australian  statistics  bullion  and  specie  are  not  separated,  as  in  the 
import  and  export  returns  of  the  United  Kingdom.  It  is  considered  that 
bullion  in  the  case  of  Australia  is  as  purely  commercial  an  export  as  wool, 
and  likewise  the  common  practice  of  converting  bullion  into  specie  for 
commercial  convenience  justifies  the  classification  of  specie  no  less  than 
bullion  with  other  articles  of  merchandise.  On  the  other  hand,  in  the 
statistics  of  Cape  Colony  bullion  is  included  among  the  articles  of 
merchandise,  but  specie  is  treated  separately.  Similarly,  in  the  Canadian 
statistics  gold  is  classified  with  other  merchandise,  but  coin  is  shown 
separately.  In  the  Indian  statistics,  treasure,  which  includes  gold  and 
silver,  bullion  and  specie,  is  distinguished  from  merchandise.  Owing  to 
the  varying  practice  thus  existing,  care  is  necessary  in  comparing  totals. 
It  should  be  further  noted  that  in  some  cases  coal,  as  well  as  bullion  and 
specie,  is  excluded  from  the  articles  of  merchandise.  Thus  in  his  report 
the  Col  lector- General  of  Customs  in  Jamaica  gives  the  total  of  imports 
and  exports,  excluding  coal,  bullion,  and  specie  ;  whereas  in  the  report 
of  the  Collector  of  Customs  in  Trinidad  no  such  distinction  is  observed. 

(3)  It  is  noteworthy  that,  before  the  formation  of  the  Australian 
Commonwealth,  imports  and  exports  into  any  Australian  State  from  a 
border  State— for  example,  to  Victoiia  from  New  South  Walos — were 
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distinguished  from  over-sea  imports  and  exports.  Similarly  in  the 
Commonwealth  returns  a  very  clear  distinction  is  made  between  inter- 
Australian  and  other  trade.  In  the  case  of  South  Africa  the  difficulties 
are  greater  in  distinguishing  South  African  inter-State  from  external 
imports  and  exports,  though  the  distinction  has  been  and  is  made  in  the 
returns  of  the  several  States. 

B.  Estimation  of  Values  of  Imports  and  Exports. 

Imports. — With  regard  to  the  estimation  of  the  value  of  imports,  the 
general  practice  in  the  colonies  is  to  require  and  accept  a  declaration  o£ 
value  from  the  importer.  As  to  the  reliability  of  such  statements,  a  dis- 
tinction must  be  made  between  goods  which  are  dutiable  and  goods  which 
are  free.  In  the  case  of  dutiable  goods,  it  is  evident  that  very  consider- 
able care  is  taken  to  arrive  at  the  fair  value  of  the  goods  imported.  Thus 
the  Committee  are  informed  that  in  Cape  Colony  every  means  is  taken 
to  ascertain  the  correctness  of  the  declared  valae  either  from  price-lists 
published  by  firms  of  repute  or  from  price-lists  quoted  by  commission 
firms,  and  in  addition  an  importer  has  to  produce,  before  his  goods  are 
delivered,  his  bill  of  lading,  statement,  and  invoices,  the  correctness  of 
which  he  can  be  called  upon  to  declare  under  oath.  On  the  other  hand, 
in  the  case  of  free  goods,  even  if  the  Customs  authorities  do  not  apply  an 
equally  careful  scrutiny  as  in  the  case  of  dutiable  goods,  there  is  not  the 
same  inducement  on  the  part  of  the  importer  to  understate  valuation  ; 
but,  in  any  case,  the  importance  which  is  now  attached  to  a  correct 
knowledge  of  imports  free  as  well  as  dutiable,  and  the  attention  given 
by  the  Customs  authorities  to  the  matter,  ensure  the  comparative  relia- 
bility of  the  statements  of  value  as  regards  free  goods.  The  main  feature 
in  the  estimation  of  values  of  imports — namely,  that  it  is  declared  and  not 
official — is  the  same  throughout  the  Colonies,  but  there  are  several  points 
of  difference  in  detail  which  have  been  brought  to  the  notice  of  the 
Committee. 

South  Africa, — In  the  South  African  Customs  Union  the  value  of 
goods  imported  is  taken  to  be  the  current  value  of  sach  goods  in  the  open 
market  at  the  place  of  purchase  by  the  importer  or  his  agent,  but  in  such 
current  value  are  included  the  cost  of  packing  and  packages,  and,  if  it 
exceeds  5  per  cent,  the  agent's  commission.  Agent's  commission,  where 
it  is  less  than  5  per  cent.,  together  with  freight  and  insurance,  is  not 
included.  On  the  other  hand,  with  regard  to  the  valuation  of  imports  for 
statistical  as  against  duty  purposes,  there  appear  to  be  certain  differences 
in  the  practice  of  the  several  South  African  States.  Thus  in  Cape  Colony 
prior  to  July  1,  1905,  in  framing  statistical  returns,  5  per  cent,  was 
added  to  the  declared  Customs  value,  an  addition  supposed  to  cover  the 
freight,  insurance,  and  commission  v^alue  inhering  in  the  goods  when 
imported.  On  the  other  hand,  in  Natal  the  current  values  under  each 
statistical  head  are  abstracted  from  the  original  Customs  entries  to  the 
nearest  shilling  in  all  cases,  and  the  monthly  tables  are  determined  by 
reckoning  10^.  and  over  as  1/.  and  discarding  fractions  of  10^.  In  the 
case  of  Rhodesia,  a  slight  further  difficulty  exists  in  the  fact  that  a  small 
quantity  of  the  goods  imported  is  purchased  at  coast  ports  such  as 
Beira,  while  others  of  the  same  class  are  purchased  in  Great  Britain  or 
in  countries  where  they  are  manufactured  or  produced.  The  sale  price 
of  the  former  necessarily  includes  freight,  insurance,  shipping  and  landing 
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dues,  as  well  as  the  importer's  profits,  while  the  value  of  the  latter  is 
returned  as  the  sale  pi-ice  in  the  country  of  origin  in  accordance  with  the 
South  African  Customs  Regulations,  and  excludes  such  items  as  freight, 
insurance,  &c.  In  the  case  of  Cape  Colony,  when  goods  are  purchased  in 
the  open  market  and  exported  to  another  member  of  the  Customs  Union, 
the  cost  price  in  the  country  of  origin  is  obtained  if  possible ;  if  not^ 
one-third  of  the  local  value  is  deducted  to  equalise  with  goods  which  have 
not  left  bond.  This  is  done  for  the  purpose  of  distributing  the  duties 
equitably  among  the  colonies. 

Australia, — In  the  case  of  the  Australian  Commonwealth,  the  value  of 
the  goods  is  taken  to  be  the  fair  market  value  in  the  principal  markets 
of  the  country  whence  the  goods  were  exported.  Ten  per  cent.,  as  covering 
insurance,  freight,  &c.,  is  added  to  such  market  values  for  statistical 
purposes. 

Caiiada, — In  the  case  of  Canada,  the  Canadian  Customs  Law  requires 
that  importers  of  dutiable  goods  shall  enter  them  for  duty  purposes  at  the 
fair  market  value  at  which  similar  goods  are  sold  for  home  consumption 
in  the  ordinary  course  of  trade  in  the  principal  markets  of  the  country  of 
export,  and  at  the  time  of  export  direct  to  Canada.  The  declared  values 
are  subject  to  review  at  the  ports  of  entry  by  appraisers,  and  subsequently 
at  Customs  headquarters  by  the  checking  branch.  Any  changes,  however, 
which  may  be  ordered  to  be  made  for  Customs  purposes  by  such  appraisers 
or  by  the  checking  branch  are  not  recorded  for  statistical  purposes. 
Respecting  free  goods,  the  values  given  in  the  Canadian  returns  are  those 
declared  by  the  importers,  and  represent,  as  a  general  rule,  the  price  paid 
for  the  goods  in  their  condition  ready  for  shipment  to  Canada  from  the 
country  of  purchase. 

With  reference  to  the  deGnition  of  the  term  *  current  prices,'  it  may 
be  added  that  the  Customs  authorities  of  (Jape  Colony  have,  tbe  Com- 
mittee are  informed,  dealt  with  the  question  of  differential  values  which 
appear  in  the  declarations  as  the  result  of  a  closed  market,  fiy  a  '  closed 
market '  is  meant  a  case  where  one  importer  has  a  preferential  position 
as  the  agent  for  some  article  which  he  is  able  to  obtain  at  a  lower  rate 
than  any  other  importer.  The  Customs  authorities,  however,  require  that 
the  value  of  goods  imported  should  be  returned  by  all  for  duty  purposes 
at  the  same  price — namely,  the  open-market  price — and  consequently  the 
agent  of  any  firm  has  to  pay  on  the  same  value  as  other  individuals  im- 
porting at  the  open -market  price.  Thus  if  firms  have  invoiced  goods  to 
their  agents  at  the  cost  of  production,  the  Customs  authorities  refuse  to 
accept  sucli  a  declaration  of  value. 

-ff'ir/wrte.— Similarly,  with  regard  to  the  estimation  of  the  value  of 
exports,  a  declaration  is  required  from  the  exporter  of  the  value  of  goods 
shipped,  but  in  this  case  greater  use  is  made  of  official  values.  One 
serious  difficulty  consists  in  the  fact  that  many  goods  are  shipped  on  con- 
signment for  sale,  and  their  value  can  only  be  determined  when  the  goods 
are  marketf  d.  This  practice  of  shipping  on  consignment  prevails,  the 
Committee  are  informed,  to  a  considerable  extent  in  the  case  of  colonial 
produce,  such  as  cattle,  wool,  and  other  articles,  the  value  of  which  may 
be  considerably  more  or  less  than  what  was  estimated  by  the  exporter  at 
tbe  time  of  shipment. 
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C.   DetermiruUion  oftJiA  Coimtry  of  Griffin  and  of  Destination, 

Most  goods  other  than  raw  material  obtain  their  value  from  more 
than  one  country  ;  the  raw  materials  coming,  for  example,  from  one  or 
more  countries,  while  the  cost  of  manufacturing  is  due  to  another  country. 
There  is,  however,  in  many  cases  a  country  of  origin  of  sufficient  import- 
ance for  tabulation. 

Smith  Africa. — In  the  case  of  South  Africa,  since  the  establishment  of 
the  Customs  Union  and  the  granting  of  preference  to  the  United  Kingdom 
in  August  1903,  and  to  Canada  at  a  later  date,  a  special  attempt  has  been 
made  to  discover  the  country  of  origin  of  imported  goods.  The  bill  of 
entry  in  which  the  goods  are  recorded  must  l>e  supported  by  what  is 
termed  *a  certificate  of  origin,'  which,  if  found  to  be  false,  renders  the 
goods  liable  to  forfeiture.  Similarly,  the  Customs  Union  Regulations  re- 
quire that  the  destination  of  imported  goods  shall  be  declared  with  a  view 
to  apportioning  the  share  of  duty  due  to  each  colony,  and  failure  to  comply 
with  these  regulations  renders  a  person  liable  to  a  considerable  penalty. 
The  case  is  interesting  as  showing  the  influence  which  fiscal  considerations 
with  regard  to  preference  or  with  regard  to  the  distribution  of  internal  taxa- 
tion can  have  on  the  development  of  statistical  information  ;  for  while,  as 
was  pointed  out  in  the  previous  report,  it  is  practically  impossible  to 
determine  accurately  the  real  country  of  origin,  it  may  be  granted  never- 
theless that  within  limits  the  requirement  of  a  certificate  of  origin  assists 
in  revealing  the  movements  of  goods  anterior  to  their  last  shipment, 
and  facilitates  inquiry  with  regard  to  any  particular  entiy.  Thus,  since 
the  establishment  of  the  Customs  Union  of  1 903,  the  requirement  of  a 
certificate  of  origin  has  shown  still  more  clearly  that  in  many  cases  the 
invoice  produced  is  merely  that  of  an  agent  and  not  of  the  actual  manu- 
facturer of  the  goods.  Such  a  document  cannot  with  safety  be  taken  as 
showing  the  country  of  origin,  and  the  falling-oflf  in  the  year  1904  in  the 
percentage  of  imports  of  British  goods  as  compared  with  the  figures  of 
previous  years  is  regarded  by  the  South  African  Customs  authorities 
as  due  in  a  measure  to  the  fact  that  in  former  years  values  were  credited 
to  the  United  Kingdom  which  i^hould  properly  have  been  attributed  to 
Germany  and  the  United  Stat-es. 

Australia. — In  the  case  of  the  Australian  Commonwealth  likewise  an 
attempt  is  being  made  in  the  forthcoming  statistics  to  distinguish  the 
country  of  origin  from  the  country  of  shipment.  Some  of  the  Australian 
States  have  for  a  considerable  number  of  years  made  the  distinction.  It 
should  be  added,  however,  that  the  Customs  authorities  of  the  Common- 
wealth do  not  attach  much  value  to  the  distinction,  inasmuch  as  it  is 
stated  that  the  information  is  in  most  cases  only  pushed  one  stage  further 
back,  and  no  attempt  is  made  to  distinguish  the  origin  of  the  raw  or  half- 
manufactured  goods  from  that  of  the  finished  product. 

Canada. — As  regaixis  Canada,  the  Committee  are  informed  that  in 
respect  of  the  origin  of  goods  no  accurate  record  is  attempted.  The 
country  in  which  they  are  purchased  and  whence  they  are  invoiced  to 
Canada  is  treated  in  the  tables  of  trade  and  navigation  as  the  country 
from  which  the  goods  are  imported.  Nevertheless,  with  regard  to  goods 
subject  to  differential  duties  a  certificate  of  origin  is  required. 

United  Kinffdom. — During  the  past  year  the  British  Customs  authori- 
ties have  also  attempted  to  differentiate  between  the  country  of  origin  and 

the  country  of  shipment,  and  though  the  results  for  a  complete  year  have 

-.        ^   -    -     o 
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not  yet  been  published  (for  the  results  of  six  montha  vide  report  on 
<  British  and  Foreign  Trade  and  Industry,'  Second  Series,  Od.  2,337),  the 
Committee  understand  that  a  considerable  amount  of  information  has  been 
obtained  regarding,  if  not  the  origin,  at  least  the  intermediate  stages  in 
the  exchange  of  goods. 

India. — In  the  case  of  India  and  other  parts  of  the  Colonial  Empire, 
the  Customs  authorities  have  not  as  yet  attempted  to  distinguish  between 
the  country  of  shipment  and  the  country  of  origin. 

In  dealing  with  the  general  question  of  distinguishing  the  country  of 
origin  from  the  country  of  shipment,  it  is  necessary  to  recognise  the  diffi- 
culty and  limitations  which  beset  inquiry,  and  care  will  be  required  in  inter- 
preting the  information  obtained,  but  the  attempt  on  the  part  of  several 
large  communities  of  the  British  Empire  to  collect  this  information  is  to 
be  welcomed.  It  directs  attention  to  the  highly  complex  chai*acter  of 
modern  international  trade,  and  it  will  assist  the  investigation  of  the 
source  and  development  of  particular  articles.  This  is  important,  as 
much  of  the  value  of  import  and  export  statistics  consists  in  the  light 
which  they  throw  on  the  production  and  distribution  of  particular  com- 
modities. 

Destination  of  Exports, — Several  colonies  endeavour  to  obtain  the 
ultimate  destination  of  exports,  hut  it  is  difficult  to  place  reliance  on 
the  declarations  made.  Thus,  for  example,  in  the  exports  from  the  West 
Indies,  it  is  known  that  some  of  the  goods  invoiced  to  New  York  are 
destined  for  Canada.  Again,  in  the  case  of  exports  forwarded  on  con- 
signment, the  ultimate  country  of  destination  is  often  other  than  that 
which  is  declared.  Thus  much  of  the  trade  from  India  to  Hong  Kong 
is  trade  with  China,  though  in  part  also  with  Japan,  the  Philippines,  and 
the  Pacific  Coast  of  America.  Similarly,  consignments  of  rice  and  wheat 
forwarded  to  Egypt  are  largely  to  await  orders  at  Port  Said  for  delivery 
in  western  ports,  whUe  cargoes  of  Dutch  sugar  are  shipped  to  the  West 
Indies  to  await  orders  for  American  and  other  ports 

D.  Cl<zs8ificatio7i  of  Articles  of  Import  and  Export, 

Uniformity  of  classification  is  almost  as  important  as  uniformity  in 
the  system  of  valuation.  At  one  time,  owing  to  the  great  economic  differ- 
ences between  the  several  countries  comprised,  the  quest  for  a  uniform 
classification  for  the  British  Empire  might  have  seemed  futile.  Now, 
however,  natural  and  political  developments  have  led  to  a  consider- 
able approximation  in  the  classification  adopted,  at  least  by  the  self- 
governing  colonies,  and  in  this  case  it  would  seem  as  if  the  differences 
which  still  remain  might  be  removed  with  advantage  both  to  the  indi- 
vidual countries  and  to  the  Empire  as  a  whole.  In  the  case  of  the  Crown 
Colonies  and  Dependencies  much  also  could  be  done  to  improve  the  classi- 
fication, and  to  adapt  it  to  a  general  classification  for  the  whole  Empire. 
What  is  required  is  the  adoption,  as  far  as  possible,  of  a  common  detailed 
alphabetical  list,  which  should  form  the  foundation  in  all  cases.  At 
present  such  a  list  appears  in  all  the  important  States  within  the  Empire 
save  India,  and  its  absence  there  diminishes  considerably  the  convenience 
and  usefulness  of  the  Indian  statistics.  At  the  same  time  it  is  necessary 
that  the  common  list  should  be  detailed,  for  the  value  of  import  and  export 
statistics  consists  to  a  large  extent  in  the  information  provided  with  regard 
to  individual  articles.     At  present  many  of  the  colonial  returns  suffer 
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from  lack  of  differentiation  in  classification,  especially  in  the  cane  of  the 
Grown  Colonies,  and  in  consequence  much  of  the  value  of  the  information 
IB  lost.  On  the  other  hand,  in  the  case  of  the  self-governing  colonies, 
particularly  the  Australian  Commonwealth,  a  large  amount  of  valuable 
detail,  excellently  arranged,  is  presented  for  the  information  of  the 
public.  The  point  to  be  emphasised  is  that  while  it  is  necessary  to 
limit  detail,  greater  attention  than  heretofore  must  be  paid  to  secure 
differentiated  knowledge  which  is  of  value  for  commercial  and  industrial 
purposes. 

Again,  as  in  the  case  of  the  Annual  Statement  of  Trade  of  the  United 
Kingdom,  and  also  as  in  the  Commonwealth  statistics  and  those  presented 
in  the  Annual  Register  of  Cape  Colony,  the  countries  to  and  from  which 
articles  are  imported  and  exported  should  be  recorded  under  each  article. 
It  is  important,  also,  that  a  detailed  classification  of  countries  should  be 
adopted.  Thus,  in  the  Canadian  statistics,  the  value  of  the  information 
afforded  is  diminished  by  the  fact  that  on  the  one  hand  the  countries  of 
import  and  export  are  not  shown  in*  the  most  detailed  list  of  articles,  and 
on  the  other  that  the  countries  of  import  and  export  are  themselves 
insufficiently  differentiated.  Thus,  for  example,  exports  and  imports 
from  the  several  South  African  States  are  merged  under  a  general  head  of 
'British  Africa.'  In  this  same  list  the  differentiation  of  articles  is  defec- 
tive; for  example,  it  is  impossible  to  ascertain  the  number  of  horses,  cattle, 
sheep,  pigs,  ^bc,  respectively  imported  from  the  several  countries,  since  the 
figures  are  lost  under  the  general  classification  of  '  Animals/  The  com- 
parison of  the  Canadian  with,  for  example,  the  Australian  import  and 
export  statistics  brings  out  the  advantages  which  would  be  obtained  from 
a  common  system  of  classification,  not  only  of  articles,  but  of  countries. 
One  of  the  greatest  reforms  which  can  be  achieved  with  regard  to 
Imperial  statistics  is  an  agreement  on  a  common  classification.  At  the 
same  time  it  will  be  recognised  that  while  it  is  desirable  that  a  common 
alphabetical  list  of  commodities  and  a  common  list  of  countries  should  be 
adopted,  it  is  clearly  out  of  the  question  that  the  immense  cross-tabu- 
lation which  this  would  involve  should  be  published  in  extenso  by  all  the 
colonies  and  dependencies.  The  exact  means  by  which  the  desire  for 
detail  and  the  necessity  for  compactness  should  be  reconciled  cannot  be 
discussed  now  in  detail ;  the  main  consideration  is  that  every  class  of 
goods  which  is  imported  on  a  sufiicient  scale,  or  is  of  sufficient  special  interest, 
dionld  be  distinguished  on  a  uniform  classification,  and  the  principal 
countries  from  or  to  which  it  is  imported  or  exported  given,  in  some  such 
way  as  in  the  Trade  and  Navigation  Returns  of  the  United  Kingdom. 

E.  Recent  Changes  affecting  Import  and  Export  Statistics. 

Apart  from  certain  particular  changes  which  have  been  brought  to 
the  notice  of  the  Committee,  and  are  recorded  hereafter,  attention  may 
be  drawn  to  developments  in  two  directions,  which  have  affected  and 
will  affect  considerably  the  comparability,  if  not  the  accuracy,  of  colonial 
statistics.  On  the  one  hand  there  has  been  the  growth  of  larger  Customs 
Unions,  such  as  the  Australian  Commonwealth  and  the  South  African 
Customs  Union.  On  the  other  hand  there  has  been  the  extension  of 
colonial  tariffs  and  the  development  in  Canada,  South  Africa,  and  New 
Zealand  of  preferential  duties.  This  latter  development  has  necessitated 
inquiry  regarding  the  country  of  origin  as  distinguished  from  the  country 
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of  shipment.  At  the  same  time  it  may  be  remarked  that,  while  par- 
ticularisation  and  differentiation  have  been  extended  in  the  colonial 
Customs  lists,  this  movement  has,  owing  to  the  comparative  similarity  of 
colonial  tariflfs,  assisted  in  approximating  to  one  another  the  classifications 
of  the  several  colonies.  It  may  be  said  that  there  has  been  considerable 
progress  towards  uniformity  within  several  of  the  natural  local  groups  and 
federations,  and  this  is  a  condition  anterior  to  the  larger  consolidation 
which  -would  be  realised  by  a  common  classification,  system  of  registration, 
valuation,  Ac,  for  the  Empire. 

The  Committee  are  informed  of  the  following  changes  : — 

South  Africa. — In  Cape  Colony — 

n)  Prior  to  1885,  10  per  cent,  was  added  to  all  declared  values  for 
statistical  and  Customs  purposes.  The  amount  added  was  then  reduced 
to  5  per  cent.  This  was  removed  for  Customs  purposes  in  1898,  but 
remained  for  statistical  purposes  till  June  30,  1905,  since  which  date 
nothing  has  been  added  to  declared  vafues. 

(2)  Up  to  the  year  1898  the  declared  value  was  taken  to  be  that  at 
the  port  of  shipment,  whereas  since  that  year  the  value  is  that  of  the 
place  of  purchase,  and  does  not  include  the  cost  of  bringing  to  the  port 
of  shipment. 

(3)  From  the  year  1889  the  destination  of  imported  goods  has  been 
recorded. 

(4)  Up  to  1903  the  country  of  origin  was  recorded  as  given  by  the 
importer  without  any  steps  being  taken  to  ascertain  its  correctness.  Since 
1903  a  certificate  of  origin  has  been  required. 

In  Natal— 

(1)  Up  till  January  1899  the  values  were  the  actual  cost  at  the  place 
of  shipment  plus  5  per  cent.,  whereas  the  present  system  gives  for 
statistical  purposes,  to  the  nearest  1^.,  the  value  in  the  open  market  at 
the  place  of  purchase,  including  the  cost  of  packing  and  packages,  but 
not  including  agent's  commission  unless  it  exceeds  5  per  cent.,  with  no 
addition. 

(2)  In  1901  the  statistical  heads  of  imports  were  considerably 
elaborated.  Prior  to  that  date  the  main  heads  contained  the  values  of 
many  articles  since  separately  shown. 

(3)  SimUarly,  as  elsewhere  in  the  Customs  Union  since  1903,  the 
certificate  of  origin  is  now  required  with  regard  to  dutiable  goods. 

There  has  now  (from  July  1,  1905)  been  established  a  South  African 
Customs  Statistical  Bureau  in  Cape  Town  whose  business  is  to  collect 
and  publish  the  statistics  of  South  African  external  trade,  and  also  of  the 
internal  trade  between  the  five  colonies,  and  to  act  as  a  clearing-house 
for  the  allocation  of  the  receipts  of  duties  among  the  colonies.  This 
will  tend  to  bring  the  statistics  of  all  the  colonies  up  to  a  uniform 
standard,  and  will  improve  their  accuracy  and  comparability.  In  doing 
this  there  will  necessarily  be  changes  in  methods  and  in  classification. 
The  alteration  begins  in  the  middle  of  the  year.  Great  care  will  be 
necessary  in  comparing  statistics  before  and  after  this  date,  and  it  is  to 
be  hoped  that  full  and  explicit  explanations  of  all  changes  will  be  given 
in  the  forthcoming  publications. 

Australia. — The  establishment  of  the  Australian  Commonwealth  in  1901 
has  led  to  an  even  closer  co-ordination  of  the  Customs  than  in  South  Africa. 
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Ab  a  result,  a  common  tariff,  including  New  South  Wales,  which  had 
hitherto  been  a  free-trade  country,  has  been  established,  and  a  common 
statistical  method  adopted.  In  1904  the  first  annual  report  of  the 
import  'and  export  trade  of  the  Commonwealth  was  published.  Since 
September  1903  a  record  of  the  transhipment  trade  from  the  Common- 
wealth to  foreign  ports  has  been  made.  In  the  forthcoming  statistical 
volume  the  country  of  origin  of  imports  as  distinguished  from  the  country 
of  shipment  will  be  shown. 

New  Zealand, — New  Zealand  has  the  same  classification  of  goods  as 
the  Australian  Commonwealth.  The  adoption  of  the  preferential  system 
by  New  Zealand  in  1903  has  likewise  involved  inquiry  as  to  country  of 
origin  as  distinguished  from  the  country  of  shipment. 

Canada, — ^The  Committee  have  been  informed  that  there  have  been 
no  changes  within  the  last  twenty  years  in  the  method  of  valuing  goods 
for  importation  or  exportation,  nor  has  any  change  been  made  in  the 
method  of  ascertaining  their  origin  or  destination,  save  in  so  far  as  goods 
subject  to  preferential  rates  of  duty  are  concerned,  in  which  case  a  certifi- 
cate of  origin  is  required. 

India. — Since  January  1898  the  rupee  has  been  maintained  at  the 
rate  of  15  rupees  to  IZ.,  and  the  value  of  imports  and  export's  since  that 
date  is  shown  in  pounds  sterling  In  comparing  these  figures  with  earlier 
years,  allowaiioe  has  to  be  made  for  the  fluctuations  in  the  rate  of  exchange. 

F.  ComparaMlity  and  Accuracy, 

Owing  to  the  differences  already  referred  to  which  exist  in  the 
methods  of  the  self-governing  colonies  in  estimating  and  classifying 
imports  and  exports,  any  attompt  to  determine  the  accuracy  of  such 
statistics  by  means  of  comparison  is  apt  to  mislead.  At  first  sight  it  might 
appear  that  the  exports  of,  for  example,  Canada  to  Australia  should 
correspond  with  the  imports  from  Canada  recorded  in  the  statistics  of 
the  Commonwealth,  allowance  being  made  for  the  differences  due  to  cost 
of  freight,  insurance,  kc.  But  the  difficulties  experienced  in  recording 
the  origin  of  goods — for  example,  goods  in  the  Australian  returns  may  be 
classified  as  American  when  they  are  Canadian,  or  as  Canadian  when  they 
are  British — and  the  uncertainty  in  the  valuation  of  exports  make  it  clear 
that  the  existence  of  a  considerable  variation  in  the  respective  returns  is 
no  real  evidence  of  inaccuracy,  but  only  of  incomparability.  Moreover, 
in  addition  to  these  causes  of  incomparability  is  the  fact  that  a  common 
statistical  year  has  not  yet  been  adopted.  In  Australia  the  statistical 
year,  as  in  Cape  Colony,  is  the  calendar  year.  In  Canada  the  statistical 
year  closes  on  June  30  ;  in  Trinidad  and  Jamaica  on  March  31.  In  Ber- 
muda the  statistical  year  is  the  calendar  year.  In  India  the  statistical 
year  closes  on  March  31,  in  Ceylon  the  calendar  year  is  adopted.  Such 
diversity  iucreases  the  difficulty  of  comparison,  which  is,  however,  in 
certain  cases  obviated  owing  to  the  publication  of  monthly  statements  of 
imports  and  exports.  Also,  it  is  evident  that  goods  exported  at  the  close 
<A  one  year  from  South  Africa  to  Australia  will  be  recorded  in  the 
imports  of  the  next  year  in  the  statistics  of  the  Australian  Common- 
wealth. 

G.  Suggestions  as  to  Reform. 

(})  It  will  be  recognised  that  within  the  British  Empire  there  is 
a  greater  pouibility  of  establishing  common  statistical  methods  than  is 
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likely  to  exist  among  separate  foreign  countries.  In  recent  years  the 
attainment  of  this  object  has  been  materially  forwarded  by  the  establish^ 
ment  of  the  Australian  Federation  and  the  South  African  Customs 
Union.  The  question  of  common  statistical  practice  throughout  the 
Empire  deserves  therefore  to  be  discussed  further,  and  it  is  important 
that  it  should  receive  attention  at  the  colonial  conferences,  and  that  there 
should  be  an  interchange  of  views  with  the  object  of  reaching  common 
methods  of  classification,  of  estimation  of  value,  and  of  recording  the 
origin  and  destination  of  goods. 

(2)  It  would  be  of  considerable  advantage  if  an  annual  report  on  the 
trade  of  the  Empire  were  published  on  a  scale  sufficiently  large  to  present 
in  considerable  detail  the  trade  of  the  several  colonies  and  dependencies. 
The  statistical  abstract  for  the  British  Empire,  issued  for  the  first  time 
in  1905,  is  a  movement  in  this  direction,  but  much  more  detailed  informa- 
tion is  required  than  can  be  given  in  a  report  of  such  small  compass. 
Further,  it  is  important  that  in  such  a  report  a  clear  statement  should  be 
given  as  to  the  differences  for  which  allowance  must  be  made  when  com- 
paring the  statistics  of  the  several  colonies.  It  would  also  be  possible 
to  indicate  the  gaps  in  existing  information.  Such  a  report  would 
undoubtedly  conduce  to  forwarding  the  adoption  of  common  statistical 
methods  and  practice  so  far  as  they  can  be  realised. 

(3)  It  is  of  great  importance  that  meanwhile  local  developments 
towaids  uniformity  such  as  have  taken  place  in'  Australia  should  be 
carried  forward.  Thus  in  South  Africa  it  will  be  a  step  in  advance  when 
a  Year-book  showing  the  trade  of  the  South  African  Customs  Union  on 
a  scale  similar  to  the  Year-book  of  the  Trade  of  the  Australian  Common- 
wealth is  published.  Again,  in  the  case  of  the  West  Indies  there  is 
great  need  for  the  establishment  of  closer  Customs  relations  and  for  the 
issue  of  a  joint  annual  report  showing  in  detail  the  West  Indian  trade. 
At  present  in  the  West  Indian  returns  there  is  an  absence  of  uniformity 
in  classification  and  a  lack  of  differentiation.  Again,  a  common  system 
should  be  adopted  in  India,  the  Straits  Settlements,  and  the  other  Asiatic 
possessions  of  Great  Britain.  On  the  whole,  information  regarding  the 
trade  of  the  Crown  Colonies  is  very  imperfect,  and  inquiry  should  be 
made  by  the  Imperial  authorities  as  to  how  far  it  would  be  possible  to 
establish  a  system  throughout  the  Crown  Colonies  and  Dependencies 
which  would  be  uniform,  and  which  might  also  give  the  detailed  informa- 
tion at  present  lacking. 

(4)  It  is  important  that  a  prefatory  note  should  be  given  in  the  case  of 
the  statistical  returns  of  each  colony,  explaining  the  system  of  valuation 
and  registration  of  origin  and  destination,  stating  whether  transhipment 
and  transit  trade,  bullion,  specie,  and  bunker  coal,  ^,,  are  included 
or  excluded,  and  affording  any  other  comment  which  may  assist  the  proper 
interpretation  of  the  statistics. 

(5)  Inasmuch  as  import  and  export  statistics  present  only  one  aspect 
of  the  trade  of  a  nation,  and  as  the  proportion  which  the  import  and 
export  trade  bears  to  the  internal  trade  varies  considerably  in  different 
countries,  it  is  important,  both  for  the  purpose  of  obtaining  a  more 
reliable  criterion  of  trade  and  production  of  each  colony,  and  for  the 
establishment  of  satisfactory  comparisons  as  to  the  productive  power  of 
the  several  States  comprised  in  the  Empire,  that  import  and  export 
statistics  should  be  supplemented  by  a  system  of  statistics  showing  the 
internal  trade  and  production  of  each  colony.     Several  of  the  British 
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colonies  have  attempted  this  in  the  annual  report  which  they  furnish  on 
agricnltttral  and  industrial  productions.  It  is  clear,  however,  that  great 
care  must  be  taken  in  order  to  avoid  the  counting  of  the  same  wealth 
several  times,  owing  to  the  different  processes  of  manufacture  which 
wealth  undergoes.  For  the  present  the  Committee  desire,  however,  only 
to  direct  attention  to  the  importance  of  this  matter  from  an  Imperial 
point  of  view,  in  the  hope  that  at  some  time  it  may  be  possible  to 
establish  an  efficient  census  of  production,  agricultural  and  industrial, 
within  the  Empire. 

(6)  A  common  statistical  year  should  be  established. 

The  Committee  render  cordial  thanks  to  the  Customs  authorities  of  the 
several  self-governing  colonies  for  information  which  they  have  afforded 
in  r^;ard  to  methods  of  collecting  the  returns  of  imports  and  exports, 
and  also  to  the  Colonial  Office  for  information  with  regard  to  the  Crown 
Colonies. 


Age  of  SUme  Circles. — Interim  Report  of  the  Committee,  consisting  of 
Mr.  C.  H.  Read  (Chairman)  y  Mr.  H.  Balfour  {Secretary),  Sir 
John  Evans,  Dr.  J.  G.  Garson,  Mr.  A.  J.  Evans,  Dr.  E.  Munro, 
Professor  Boyd  Da^vkins,  and  Mr.  A.  L.  Lev^is,  to  conduct  Ex- 
j>lorations  with  the  object  of  ascertaining  the  Age  of  Stone  Circles, 

Thb  stone  circle  known  as  the  'Stripple  Stones,'  situated  on  Bodmin 
Moor,  Cornwall,  on  the  slopes  of  Hawkstor,  was  selected  by  the  Com- 
mittee as  a  site  upon  which  to  conduct  excavations  this  year.  The 
necessary  permission  was  kindly  given  by  the  landowner,  Sir  William 
Onslow,  subject  to  the  area  disturbed  by  digging  being  made  good.  A 
very  careful  and  systematic  exploration  of  the  circle  was  made  in  June, 
a  preliminary  examination  having  been  made  earlier  in  the  year  by  Mr. 
Balfour  and  Mr.  Gray.  As  previously  at  Arbor  Low,  the  Committee 
were  fortunate  in  securing  the  services  of  Mr.  H.  St.  George  Gray,  who  was 
placed  in  charge  of  the  excavations,  which  lasted  a  fortnight,  and  which 
were  very  satisfactorily  organised  and  conducted.  He  received  much 
kind  assistance  from  the  Kev.  Yemon  Collins  of  BHsland.  Some  twenty 
or  more  trenches  were  dug  in  various  directions,  especially  along  the  foese, 
which  was  carefully  explored,  it  being  for  the  most  part  poorly  defined  on 
the  surface.  In  spite  of  a  very  thorough  search,  relics  were  disappoint- 
ingly scarce,  a  few  flint  flakes  and  some  wood  at  a  low  level  alone  being 
found.  There  was  a  total  absence  of  metal,  as  was  the  case  at  Arbor 
Low.  A  very  careful  contoured  survey-plan  of  the  circle  has  been  made 
by  Mr.  Gray,  who  has  also  surveyed  and  photographed  some  of  the  other 
circles  in  the  neighbourhood.  Owing  to  the  late  date  at  which  the  exca- 
vations were  completed,  the  full  report,  which  will  give  all  details  in 
regard  to  the  work  and  a  complete  description  of  the  circle,  is  not  yet  to 
hand,  and  will  be  presented  next  year. 

Tlie  Committee  ask  to  be  reappointed,  with  balance  in  hand. 
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Anthropometric  Investigation  in  the  British  Isles. — Report  of  the  Com* 
miit'ee,  consisting  of  Professor  D.  J.  Cunningham  {Chairman)^ 
Mr.  J.  Gray  (Secretary)^  Dr.  A.  C.  Haddon,  Dr.  C.  S.  Myers, 
Mr,  J.  L.  Myres,  Professor  A.  F.  Dixon,  Mr.  E.  N.  Fallaize, 
Mr.  D.  Randall-MacIver,  Professor  J.  Symington,  Dr.  Waters- 
ton,  Sir  E.  W.  Brabrook,  Dr.  T.  H.  Bryce,  Dr.  W.  H.  L. 
Duckworth,  Mr.  6.  L.  Gomme,  Major  T.  McCulloch,  Dr. 
F.  C.  Shrubsall,  Professor  G.  D.  Thane,  and  Mr.  J.  F.  Tocher. 

The  Committee  have  now  drawn  up  a  list  of  dimensions  of  the  human 
body  suitable  for  measurement.  This  list  contains  all  dimensions  that 
have  hitherto  been  most  usually  measured,  and  some  additional  dimensions 
which  the  Committee  consider  to  be  important.  The  list  does  not  profess 
to  be  exhaustive,  and  other  dimensions  may  be  added  in  subsequent 
reports.  The  object  of  the  Committee  is  to  detine  the  points  between 
which  the  usual  dimensions  are  taken  with  as  much  precision  as  possible, 
so  that  all  observers  may  be  able  to  get  results  which  are  comparable 
with  one  another.  It  is  not  suggested  that  the  whole  of  the  dimensions 
on  this  list  should  be  measured  on  each  individual  by  every  observer. 
Each  observer  can  select  from  the  list  the  particular  dimensions  he  wishes 
to  study. 

The  chief  object  of  anthropometric  measurements  may  be  stated  to 
be  the  determination  of  correlations  between  the  different  characters 
of  the  human  body,  and  between  such  characters  and  their  environment. 
The  collection  of  sufficient  data  to  enable  the  statistician  to  determine 
all  these  correlations  will  require  the  cooperation  of  many  observers,  and 
it  is  obvious  that  if  these  observers  adopt  different  methods  of  measure- 
ment, the  value  of  their  work  will  be  very  seriously  impaired.  If  a 
standard  method  of  measurement  is  prescribed,  with  the  authority  of  the 
British  Association,  this  evil  will  be  to  a  great  extent  obviated.  The 
Committee  propose,  when  their  work  is  sufficiently  advanced,  to  draw  up 
schedules  suitable  for  specific  purposes,  such  as  the  measurement  of  school- 
children, the  study  of  groups  of  people  in  selected  districts,  4&a 

In  the  list  are  embodied  definitions  of  the  anatomical  terms  made  use 
of,  and  explanatory  notes  directing  how  the  dimensions  are  to  be  measured. 
It  is  proposed  in  the  next  report  to  supplement  these  directions  by  illus- 
trations of  the  human  figure,  having  marked  upon  them  the  points  between 
which  the  dimensions  are  to  be  measured.  Photographs  of  the  human 
model  are  in  course  of  preparation,  but  it  was  not  possible  to  get  blocks 
made  in  time  for  insertion  in  this  report.  An  alphabetical  list  of  the 
definitions  is  also  given  at  the  end. 

The  Committee,  if  reappointed,  propose  to  determine  and  describe 
the  most  suitable  instruments  to  be  employed  to  measure  the  dimenstons 
in  the  standard  list. 

They  i^lso  propose  to  prepare  lists  of  physiological  and  psychological 
characters  suitable  for  measurement^  and  finally  to  give  a  list  of  the 
environmental  influences  which  are  most  deserving  of  being  noted,  along 
with  observations  on  the  physique. 

Several  meetings  of  the  Sub -Committee  have  been  held  during  the  year 
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The  Anthropological  Institute  has  presented  to  the  Lord  President 
of  Council  a  memorial  praying  that  the  recommendations  of  the  Physical 
Deterioration  Committee,  having  reference  to  an  Advisory  Committee, 
an  Anthropometric  Survey,  and  a  Register  of  Sickness,  should  be  carried 
into  effect.  This  memorial  is  supported  by  the  Childhood  Society,  the 
Sociological  Society,  the  head-masters  of  most  of  the  public  schools, 
and  many  other  influential  persons. 

The  Committee  again  beg  to  thank  the  Anthropological  Institute  for 
providing  them  with  headquarters  and  granting  permission  to  hold  meet- 
ings in  their  rooms. 

The  Committee  desire  to  be  reappointed,  with  instructions  to  con- 
tinue the  work  indicated  in  the  above  report.  The  grant  of  10^.  made 
to  the  Committee  last  year  has  now  been  expended.  The  Committee 
consider  that  the  work  which  they  are  carrying  out  wUl  be  of  the 
greatest  value  in  standardising  anthropometric  work  in  this  and  possibly 
in  other  countries.  If  the  work  is  to  be  effectively  continued  a  somewhat 
larger  expenditure  than  hitherto  will  be  necessary.  The  Committee,  if 
reappointed,  ask  for  a  grant  of  30^. 


Standard  List  of  Anatomical  Dimensions. 
A.  Cranium, 

The  Cranium  is  the  part  of  the  skull  which  forms  the  protective  bony 
covering  for  the  brain. 

Diameters  (Calliper  measurements). 

1.  Maximum  length, — From  the  most  prominent  point  of  the  glabella, 
or  prominence  in  the  mid-line  between  the  two  eyebrows,  to  the  most 
distant  point  in  the  middle  line  on  the  back  of  the  head,  known  as  the 
occipital  point.  The  fixed  point  of  the  callipers  is  first  applied  to  the 
glabella  and  kept  there,  while  the  other  point  is  moved  over  the  back  of 
the  head  (occiput;.  Care  must  be  taken  to  observe  that  the  fixed  point 
has  not  moved  off  the  glabella  during  the  measurement,  and  that  the 
callipers  have  not  been  deflected  from  the  median  vertical  plane.  The 
pressure  of  the  points  of  the  callipers  on  the  head  should  be  as  much  as 
can  be  comfortably  borne  by  the  person  under  examination. 

2.  Maximum  ^reoc^^.— Measured  wherever  it  can  be  found  above  the 
plane  of  the  earholes.  The  callipers  may  be  held  in  a  vertical  or  in  a 
horizontal  plane  and  moved  about  until  the  maximum  diameter  is  ascer- 
tained, the  observer  being  careful  to  keep  the  points  of  the  callipers 
exactly  opposite  to  each  other,  i,e.  in  the  same  vertical  and  horizontal 
planes.  The  pressure  of  the  points  on  the  head  should  be  such  as  can  be 
comfortably  borne  by  the  person  under  examination. 

3.  Minimum  frontal  breadth. — ^The  minimum  diameter  obtainable  by 
the  callipers,  held  with  their  points  in  the  same  plane  and  with  the 
maximum  comfortable  pressure,  between  the  frontal  crests,  the  ridges  of 
bone  which  may  be  felt  curving  upwards  and  backwards  on  either  sid^ 
of  the  cranium  immediately  above  and  to  the  outer  side  of  the  orbits  if 
the  forehead  be  grasped  between  the  finger  and  thumb,  ^  t 
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Tape  MeasuremefitSi 

4.  Afaximum  cireufn/erence.^MeaBnred  by  pasising  the  tape  otqI*  the 
glabella  in  front  and  the  occipital  point  behind. 

5.  Longituditud  arc. — Measured  with  the  tape  in  the  vertical  plane 
jfrom  the  nasion^  which  is  the  bottom  or  deepest  part  of  the  depression 
between  the  forehead  (glabella)  and  the  nose,  to  the  inian  or  external 
Occipital  protuberance  ;  a  prominence  on  the  under  aspect  of  the  back  of 
the  head,  in  the  middle  line,  at  the  point  where  the  curved  outline  of  the 
back  of  the  head  meets  the  outline  of  the  back  of  the  neck. 

6.  Transverse  arc, — Measured  over  the  vertex  of  the  head  and  between 
the  two  pre- auricular  points,  in  a  vertical  plane  when  the  eyes  are  directed 
to  the  horizon.  The  pre-auricular  jxnrU  is  the  point  immediately  in 
front  of  the  tragus,  or  the  little  projection  of  the  ear  which  lies  in  front 
of  the  earhole. 

Radii  (Gray's  auricular  radiometer). 

These  radii  may  be  considered  to  pass  from  the  mid-point  of  the  bi- 
auricular diameter  to  the  various  points  indicated  in  the  median  longi- 
tudinal arc  of  the  cranium.  They  are  all  to  be  measured  with  contact 
(i.e.  without  perceptible  pressure  between  the  point  of  the  instrument  and 
the  skin  of  the  head). 

7.  Vertical  (which  gives  the  auricular  height  of  the  cranium). — From 
t^e  mid-points  of  the  earholes  to  the  top  of  the  cranium,  measured  in  a 
vertical  plane  when  the  eyes  are  directed  to  the  horizon. 

8.  Frontal, — (a)  From  the  earholes  to  the  most  prominent  point  of 
the  glabeUa  ;  (6)  from  the  earholes  to  the  ophryon. 

The  ophryon  is  a  point  in  the  middle  lino  of  the  forehead  between 
the  prominence  of  the  glabella  and  the  place  where  the  frontal  curve 
begins.  It  is  usually  very  obscurely  marked.  The  ophryon  can  also  be 
found  bv  taking  the  centre  of  a  lino  drawn  across  the  narrowest  part  of 
the  forehead. 

9.  Maximum  frontal, — From  the  earholes  to  the  most  prominent 
point  on  the  frontal  curve. 

10.  Occipital, — From  the  earholes  to  the  occipital  point. 

11.  Inial,^-¥rom  the  earholes  to  the  inion. 


B.  Face. 

The  face  is  the  part  of  the  skull  which  lies  below  the  fore  pottion  of 
the  cranium.  It  is  composed  of  the  jaws  and  other  bones  which  ard 
arranged  aroulid  the  cavities  of  the  orbits,  noscj  and  mouth« 

Calliper  Jfeasurefnents, 

1.  Upper  face  length, — From  the  nasion  to  the  edge  of  the  gum  between 
the  two  upper  central  incisor  teeth.    A  contact  measuretnent. 

2.  Total  face  length, — From  the  nasion  to  the  lower  edge  of  the  point 
of  the  chin.     A  contact  measurement. 

N.B. — In  Connection  with  these  measurements  of  face  length  state 
the  condition  of  the  incisor  teeth.  Digi^i^g^  by  Go 
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3.  liaxtmum  inier-sygomcUic  breadth, — The  maxitnutn  diameter 
between  corresponding  points  on  the  opposite  zygomatic  arches.  The 
pressure  used  is  to  ^  as  much  as  can  be  comfortably  borne  by  the 
person  under  examination. 

The  zygomatic  arch  of  the  skull  can  be  felt  stretching  forwards  from 
a  point  in  front  of  the  tragus  or  prominence  in  front  of  the  earhole  to 
Uio  most  prominent  part  of  the  cheek. 

4.  Maximum  inter-malar  IreadtJi, — The  maximum  diameter  between 
the  cheek-bones  just  below  the  angles  or  points  of  junction  between  the 
outer  and  lower  parts  of  the  rims  of  the  orbital  openings.  A  contact 
measurement. 

5.  External  orbited  breadth, — Maximum  diameter  between  the  outer 
margins  of  the  orbits.     A  contact  measurement. 

6.  External  ocular  breadtJi, — The  diameter  between  the  two  external 
canthi^  or  outer  angles  of  junction,  of  the  eyelids.  A  contact  measure- 
ment. 

7.  Internal  ocular  breadili, — The  diameter  between  the  two  internal 
canthiy  or  inner  angles  of  junction  of  the  eyelids.  A  contact  measure- 
ment. 

N.B. — The  last  two  measurements  are  to  be  taken  when  the  eyes 
are  open. 

8.  Gonial  breadth, — The  diameter  between  the  exti*eme  outer  points 
of  the  angles  of  the  lower  jaw.  This  measurement  is  to  be  taken  with 
the  maximum  comfortable  pressure. 

Ta])e  Measurement. 

9.  Orbito-nasal, — From  the  same  points  as  No.  5,  the  tape  passing 
lightly  over  the  nasion. 

Sadii, 
All  these  are  to  be  measured  with  contact  only. 

10.  Ujrper  nasal, — From  the  earholes  to  the  nasion. 

11.  Mid  naeaL — From  the  earholes  to  the  lower  border  of  the  na?al 
bones  in  the  middle  line. 

12.  Lower  nasal, — From  the  earholes  to  the  point  of  the  nose. 

13*  Alveolar. — From  the  earholes  to  the  margin  of  the  gum  between 
the  two  upper  central  incisor  teeth. 

14.  Menial, — From  the  earholes  to  the  point  of  the  chin. 

C.  NOSB. 
Calliper  Meaeuremente. 
All  these  are  to  be  measured  with  contact  only. 

1.  Nasal  height. — From  the  nasion  to  the  subnasal  pointy  or  angle 
lietween  the  septum  of  the  nose  {i,e.  the  partition  between  fhe  nostrils) 
and  the  upper  lip. 

2.  Ifaial  depth. — From  the  subnasal  point  to  the  most  projecting 
point  on  the  tip  of  the  nose,  ^  ^ 

3.  Ifasal  length, — From  the  nasion  to  the  point  of  the  nose.  ^^OOg Ic 
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4.  Nasal  breadth, — The  greatest  diameter,  measured  without  pressurej 
between  the  wings  of  the  nose. 

5.  Nostril  length, — The  greatest  antero-posterior  diameter  of  the 
nostril. 

6.  Nostril  breadth. — ^The  greatest  diameter  taken  at  right  angles  to 
the  diameter  of  greatest  length. 

D.  Ear. 

CaUiper  Measuretnents, 

To  be  taken  with  contact  only. 

1.  LengUh  of  the  ear  ba^. — The  length  of  the  line  drawn  from  the  front 
upper  insertion  point  of  the  auricle  to  the  front  lower  insertion  point 
(EF,  figs.  1  and  2). 


-  O 


2.  Greatest  length  of  the  ear, — (AB,  fig.  1.)  From  the  highest  to 
the  lowest  point  of  the  auricle. 

3.  Greatest  breadth  of  the  ear. — (CD,  ^g.  1.)  The  maximum  dia- 
meter at  right  angles  to  the  length-line  from  the  ear  basis  to  the  hinder 
border  of  the  auricle. 

4.  Distance  from  the  Darwinian  tubercle  to  the  upper  border  of  the 
tragus  (X  L,  figs.  1  and  2). 

The  prominence  in  front  of  the  earhole  is  the  tragtM  ;  the  prominence 
behind  the  earhole  is  the  antitragvs.  The  narrow  interval  between  and 
below  these  prominences  is  the  ineisura  iniertragica. 

The  Danvinian  tubercle  is  a  small  projection  very  frequently  present 
on  the  free  edge  of  the  folded  border  of  the  hinder  part  of  the  ear  near 
the  summit  of  the  auricle.     It  is  the  morphological  apex  of  the  ear. 

5.  Distance  from  the  highest  paint  of  the  ear  to  the  bottom  of  the 
ineisura  intertragic^  (A  I,  fig.  2). 

6.  Length  of  the  lobule  of  the  ear. — From  the  bottom  of  the  ineisura 
intertragica  to  the  lowest  point  of  the  auricle.  ^  . 
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E.  Trunk  and  Limbs. 
Measurements  froni  the  Ground. 

The  subject  is  to  be  measured  in  the  erect  attitude,  with  his  eyes 
directed  to  the  horizon,  his  heels  iirmlj  planted,  and  the  pads  of  his  feet 
just  in  contact  with  the  ground.  All  measurements  to  be  made  without 
boots,  it  having  been  found  that  allowing  for  the  height  of  the  heel  of  the 
boot  introduces  serious  errors.     All  are  contact  measurements. 

1.  St€Uure. 

2.  Height  of  the  sujyra-stemcd  notch^  or  the  depression  between  the  inner 
ends  of  the  collar  bones  (clavicles)  where  they  join  the  breast  boae 
(sternum). 

3.  Height  of  the  upper  edge  of  tlie  jmbic  symphysis^  or  point  of  junction 
of  the  two  haunch  bones  in  the  middle  line  in  front. 

4.  Height  of  the  acromion,  or  sharp  tip  of  the  shoulder.  The  most 
lateral  point  of  this  is  the  position  whence  measurements  are  taken.  It 
is  most  easily  discovered  by  feeling  from  behind  forwards. 

5.  Height  of  the  extremity  of  the  middle  finger, — The  arm  being  held 
by  the  side  with  the  palm  of  the  hand  resting  lightly  on  the  outer  side  of 
the  thigh. 

6.  Height  of  the  iliac  crests,  or  curved  upper  edges  of  the  haunch  or 
pelvic  bones.  The  measurement  is  usually  made  to  the  iiiac  tubercle,  a 
projection  on  the  outer  edge  of  the  iliac  crest,  about  one  and  a  half  or  two 
inches  behind  the  anterior  superior  spine  or  rounded  projection  which 
forms  the  anterior  end  of  the  crest.  The  latter  is  most  easily  detected  by 
feeling  from  below  upwards. 

?•  Height  of  the  anterior  supexior  spine  of  the  ilium. 

8.  Height  of  Hie  posterior  superior  spine  of  the  ilium,  the  projection 
at  the  posterior  end  of  the  iliac  crest.  This  is  not  easily  felt,  but  the 
position  of  these  spines  is  indicated  by  dimples  in  the  skin  above  the 
buttocks,  and  about  one  inch  from  the  mid-line  of  the  back  on  either  side. 

9.  Height  of  tlie  upper  edge  of  the  great  trochanter. — The  outstanding 
projection  at  the  upper  end  of  the  shaft  of  the  thigh  bone  (femur)  imme- 
diately external  to  the  hip  joint. 

10.  Height  of  the  knee  joint. — This  measurement  should  be  made  on  both 
the  inner  and  outer  aspects  of  the  joint,  and  in  each  case  from  the  corre- 
sponding upper  edges  of  the  superior  extremity  of  the  tibia  or  inner  of 
the  two  bones  forming  the  leg. 

11.  Height  of  the  tip  of  the  internal  nudleolus  of  the  tibia, — The 
prominent  projection  on  the  inner  side  of  the  ankle  joint,  best  felt  from 
behind  and  below. 

12.  Height  sitting,  i.e.  the  length  of  the  trunk  from  the  vertex  of  the 
head  to  the  lowest  points  of  the  ischial  tuberosities  (height  from  seat). 

13.  Height  kneeling. 

F.  Direct  Measurements. 
CaUiperi, 

1,  Maximum  breadth  of  shoulders  (bi-acromial). 

2,  Distance  between  two  anterior  superior  sjrines  ofUiac  bones. 

3.  Distance  between  the  two  posterior  superior  spines  of  iliac  bones* 

4.  Distance  between  iliac  tttbercles  on  ilia^  crests. — This  will  give 
approximately  the  maximum  diameter  between  iliac  crests. 
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5.  Maximum  diaimtet  beitoeen  tike  two  ffretU  trochanters  of  the  thi^h- 
bones. 

6.  External  conjugate  diameter  of  the  pelvis. — From  a  point  behind 
midway  between  the  posterior  superior  iliac  spines  to  the  upper  and  fore- 
part of  the  pubic  symphysis  in  front. 

Measurements  of  Cliest. 
Circmnference  {taken  with  tajte). 
Direct  subject  to  hold  his  arms  straight  up  over  his  head. 
Pass  the  tape  round  horizontally  at  the  level  of  the  junction  of  the 
fourth  rib-cartilage  with  the  sternum  or  breast  bone,  then  lower  arms,  and 
holding  tape  tightly,  note  circumference  at — 

7.  Deep  inspiration  ; 

8.  Complete  expiration. — ^This  latter  is  easily  attained  by  asking  the 
subject  to  count  twenty  aloud  quickly  without  inspiring. 

Before  removing  tape,  mark  the  level  with  a  blue  pencil  around  the 
chest. 

The  fourth  rib  can  be  found  by  noting  the  projecting  ridge  on  the 
front  aspiect  of  the  upper  part  of  the  sternum  and  taking  the  second  rib- 
cartilage  below  this. 

Diametera  (taken  with  callipers). 

9.  Anteroposterior  from  mid-line  in  front  to  mid-line  behind  (sternum 
to  spine  of  dorsal  vertebra)  at  the  level  of  the  blue  line  previously  marked. 

10.  Lateral. — The  maximum  lateral  diameter  found  with  the  callipers 
held  horizontally  and  blades  tangential  to  side  of  chest  at  the  level  of  the 
blue  line  before  referred  to. 

Both  these  latter  measurements  should  be  recorded  :  (1)  in  deep  inspi- 
ration ;  (2)  in  complete  expiration. 

G.  Upper  Limb. 

1.  Length  of  tlie  upper  arm. — From  the  outer  margin  of  the  acromion 
to  the  lowest  point  of  the  external  condyle  of  the  humerus,  or  prominent 
point  on  the  outer  side  of  the  arm  bono  as  it  is  felt  on  the  back  of  the 
limb  in  the  flexed  elbow-joint. 

2.  Length  of  the  forearm. — From  the  lower  margin  of  the  external  con- 
dyle of  the  humerus  on  the  back  of  the  elbow  to  the  tip  of  the  styloid  process 
or  pointed  projection  directed  downwards  from  the  lower  end  of  the 
radius  and  easily  felt  on  the  thumb  side  of  the  wrist.  This  gives  the  length 
of  the  radius. 

3.  Length  of  the  ulna. — From  the  tip  of  the  olecranon  or  point  of  the 
elbow  to  Uie  extremity  of  tlie  styloid  process  of  the  ulna,  the  pointed 
projection  of  bone  directed  downwards  from  the  forearm  on  the  little  linger 
side  of  the  wrist. 

4.  Length  of  the  cuhiL^^The  elbow  joint  being  flexed,  the  measurement 
is  made  from  the  tip  of  the  elbow  on  the  back  of  the  arm  to  the  tip  of  the 
middle  finger. 

5.  Length  of  the  hand. — Measured  on  the  dorsum.  The  hand  being 
dorsi-flezed,  tbe  position  of  the  radio-carpal  joint  can  be  detennined. 
Measurement  made  from  this  to  the  tip  of  middle  finger. 

6.  Length  of  the  thumb. — From  the  base  of  the  metacarpal  bone  to 
the  tip  of  the  thumb.  ^ • 
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7.  Length  of  the  fimr  fingers. — ^The  three  phalanges  only  to  be  measured 
in  each  case.  Measurement  to  be  taken,  when  the  Ongers  are  strongly 
flexed  at  the  vMUifiOftpo-phalangeal  or  knuckle  joints,  from  points  ou 
dorsal  aspect  immediately  in  front  of  knuckles. 

8.  Breadth  of  the  hand. — ^T|iken  across  the  knuckles. 

H.  Lower  Limb. 

1.  Length  of  the  tfiigh. — From  upper  edge  of  the  great  trochanter  to 
the  margin  of  superior  extremity  of  tibia  on  outer  side  of  knee  joint. 

2.  Length  of  the  leg. — From  the  margin  of  the  superior  extremity  of 
the  tibia  on  ti^e  inner  side  of  the  knee  joint  to  the  tip  of  the  internal 
malleolus.     This  measurement  gives  the  length  of  the  tibia. 

3.  Length  of  the  foot. — Two  measurements :  (a\  from  back  of  heel  to 
extremity  of  second  toe,  counted  from  inner  side  ;  (6)  from  back  of  heel  to 
extremity  of  great  toe.  Both  measurements  taken  with  the  foot  resting 
on^e  ground. 

N.B. — A  tracing  of  each  foot  should  be  taken. 

4.  Breadth  of  the  foot. — Measured  across  the  heads  of  the  metatarsals 
{i.e.  from  the  prominent  point  on  the  inner  side  of  the  joint  at  the  root 
of  the  great  toe  to  the  prominent  point  on  the  outer  side  of  the  foot  at 
the  base  of  the  little  toe)  when  the  foot  rests  on  the  ground. 

Tape  Measurement. 

5.  Maximum  circumference  of  the  calf 

6.  Circumference  of  the  thigh. — This  is  to  be  taken  halfway  between 
pelvis  and  knee. 

I.  Special  Measurements. 

1.  Span  of  arms, 

2.  Weight. 

3.  Colour  of  luiir.  )  Standard  series  of  locks  of  hair  and  of  glass  eyes 

4.  Colour  of  eyes.  )      have  been  prepared. 

5.  Teeth. 

6.  Finger-prints. 

Alphabetical  List  of  Terms  Definrd. 

Acromion. — ^The  sharp  tip  of  the  shoulder.  The  most  lateral  point  of 
this  is  the  position  whence  measurements  are  taken.  It  is  most  easily 
discovered  by  feeling  from  behind  forwards. 

AnUrioT  superior  spine  of  the  ilium, — ^The  rounded  projection  which 
forms  the  anterior  end  of  the  iliac  crest.  It  is  most  easily  detected  by 
feeling  from  below  upwards. 

Canthi. — Angles  of  meeting  of  the  two  eyelids. 

Condyles  of  the  humerus. — ^The  prominent  points  on  either  side  of  the 
elbow  at  the  lower  end  of  the  arm  bone  (humerus) ;  most  easily  felt  from 
behind  when  the  joint  is  bent. 

Cremium. — ^The  part  of  the  skull  which  forms  a  protective  bony 
covering  for  the  brain. 

Daiiioinian  tuberde. — ^A  small  projection  very  frequently  present  on 
the  free  edge  of  the  folded  border  of  the  hinder  part  of  the  ear  near  the 
summit  of  the  auricle.    It  is  the  morphological  apex  of  the  ear.         OQ  Ic 
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External  and  internal  malleoli, — The  prominent  projections  on  either 
aide  of  the  ankle  joint.  These  are  best  felt  from  behind  and  below.  The 
external  malleolus  is  formed  by  the  lower  end  of  the  fibula,  the  internal 
by  the  lower  end  of  the  tibia. 

Face, — The  part  of  the  skull  which  lies  below  the  fore  portion  of  the 
cranium.  It  is  composed  of  the  jaws  and  other  bones  which  are  arranged 
around  the  cavities  of  the  orbits,  nose,  and  mouth. 

FrorUal  crests, — If  the  forehead  be  grasped  between  the  finger  and 
thumb  immediately  above  and  to  the  outer  sides  of  the  orbits,  a  carved 
ridge  of  bone  will  be  felt  curving  upwards  and  backwards  on  each  aide 
of  the  cranium.     This  is  the  frontal  crest. 

Glabella, — Prominence  in  the  mid-line  between  the  two  eyebrows. 

Great  trochanter, — The  outstanding  projection  at  the  upper  end  of 
the  shaft  of  the  thigh  bone  (femur)  external  tojjthe  hip  joint 

Hiac  crests. — The  curved  upper  edges  of  the  haunch  or  pelvic  bones. 

Iliac  tvherde,—K  projection  on  the  outer  edge  of  the  iliac  crest,  about 
one  and  a  half  or  two  inches  behind  the  anterior  superior  spine.  § 

Incisura  intertragica. — The  prominence  in  front  of  the  earhole  is  the 
tragus  ;  the  prominence  behind  the  earhole  is  the  antitragus.  The  narrow 
interval  between  and  below  these  prominences  is  the  incisura  intertragica, 

Inion,  —External  occipital  protuberance  ;  a  prominence  on  the  under 
aspect  of  the  back  of  the  head,  and  in  the  middle  line,  at  the  point  where 
the  curved  outline  of  the  back  of  the  head  meets  the  outline  of  the  back 
of  the  neck. 

Nasion, — The  bottom  or  deepest  part  of  the  depression  between  the 
forehead  (glabella)  and  the  nose  ;  or  the  most  depressed  part  at  the  root 
of  the  nose. 

Occipital  point, — The  point  in  the  middle  line  on  the  back  of  the  head 
which  is  most  distant  from  the  glabella.  It  can  only  be  determined  by 
the  callipers. 

Ophryon, — A  point  in  the  mid-line  between  the  prominence  of  the 
glabella  and  the  place  where  the  frontal  curve  begins  (usually  verj 
obscurely  marked). 

Posterior  superior  spine  of  the  Uium. — ^The  projection  at  the  posterior 
end  of  the  iliac  crest.  This  is  not  easily  felt,  but  the  position  of  these 
spines  is  indicated  by  dimples  in  the  skin  above  the  buttocks  and  about 
one  inch  from  the  mid- line  of  the  back  on  either  side. 

Fre-auricular  /wtnf.— Point  immediately  in  front  of  the  tragus,  or 
the  little  projection  of  the  ear  which  lies  in  front  of  the  earhole. 

Fubic  symphysis. — The  point  of  junction  of  the  two  haunch -bones  in 
the  middle  line  in  front. 

Styloid  processes  of  radius  and  ulna. — The  pointed  projections  which 
are  directed  downwards  from  the  lower  ends  of  the  bones  of  the  forearm 
at  either  side  of  the  wrist.  The  former  is  on  the  thumb  and  the  latter  on 
the  little  finger  side. 

Sub-nasal  point. — ^The  angle  between  the  septum  of  the  nose  (i.0.,  par- 
tition between  the  nostrils)  and  the  upper  lip. 

Supra-sternal  notch. — The  depression  between  the  inner  ends  of  the 
collar  bones  (clavicles)  where  they  join  the  breast  bone  (sternum). 

ZygonuUic  o/rch, — A  bony  arch  on  the  side  of  the  skull  which  can  be 
felt  stretching  forwards  from  a  point  in  front  of  the  tragus  of  Uie  ear  to 
the  most  prominent  part  of  the  cheek. 
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Anthropometric  Invesiigatiom  among  tlie  NcUive  Troops  of  tJie  Egyptian 
Amvy. — Report  of  the  Committee^  consisting  of  Professor  A, 
Magauster  {Chairman),  Dr.  C.  S.  Myers  {Secretary),  Sir  John 
Evans,  a7wi  Professor  D.  J.  Cunningham.  {Drawn  up  by  the 
Secretary.) 

The  Committee  are  able  to  report  considerable  progress  in  the  elaboration 
of  the  above  anthropometric  material.  A  further  paper  has  been 
published  by  the  Secretary  in  the  Journal  of  the  Anthropological  Institute 
(vol.  xzxv.,  part  1),  forming  a  comparative  study  of  the  measurements 
of  the  modem  inhabitants  of  the  provinces  of  Girga  and  Kena,  and  of  the 
'prehistoric '  population  of  Nalcada,  who  dwelt  in  the  same  district  seven 
thousand  years  ago. 

The  tables  of  figures  (averages,  coefficients  of  variability  and  correla- 
tion, and  probable  errors)  and  the  distribution-curves  contained  in  this 
paper  need  not  be  republished  here.  The  general  conclusions  reached 
are: — 

(a)  That  there  is  no  evidence  that  the  *  prehistoric '  and  the  modem 
populations  of  Southern  Upper  Egypt  differ  in  physical  measurement. 

(6)  That  the  homogeneity  of  this  '  prehistoric '  population,  so  far  as  it 
is  determinable  by  the  degree  of  deviation  from  the  average,  is  the  same 
as  the  homogeneity  of  the  population  who  now  inhabit  a  similar  region 
of  the  Nile  valley. 

(c)  That  there  is  great  irregularity  in  the  relative  correlation  of  cranial 
measurements  in  the  '  prehistoric  '  and  modern  populations. 

A  third  paper  is  in  course  of  preparation — investigating  the  measure- 
ments of  head-length,  head-breadth,  auricular  height,  horizontal  circum- 
ference, the  cephalic  index,  the  upper  facial  index,  the  nasal  index,  the 
auriculo-gnathic  index,*  (a)  in  the  provinces  of  Kena,  Girga,  Giza,  of 
Upper  Egypt,  and  of  Di^^lia,  Baheira,  and  Shar)^ia  in  Lower  Egypt ; 
(fi)  among  the  Copts  and  Mahomedans  of  Egypt,  (y)  among  the  Copts 
of  Upper  and  Lower  Egypt,  (2)  among  the  Mahomedan  Egyptians 
whose  parents  have  been  born  in  like  (= Moslems)  or  in  different  (= Mixed) 
regions  of  Egypt  or  the  Soudan. 

The  preliminary  results  of  this  investigation  are  given  in  the  table 
facing.     The  measurements  are  expressed  in  millimetres. 

The  figares  under  A  are  the  averages,  under  o  are  the  standard 
deviations,  under  C  are  the  co-efficients  of  variability.     The  value  of  a  is 

obtained  from  the  formula  a  /        ,  where  n  is  the  number  of  indi- 


viduals measured,  2c^  is  the  sum  of  the  squares  of  the  differences  of  the 
individual  measurements  from  tl|e  average.     The  value  of  C  is  given 

by  the  expression  ^  x  100. 

*  This  index  is  100  times  the  ratio  of  (i),  the  lenrih  from  the  ear-hole  to  th* 
gums  of  the  upper  incisor  teeth,  to  (ii)  the  length  from  the  ear-hole  toj^e  root  of 
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It  remains  to  be  seen  whether  the  differences  between  the  means  thus 
foand  for  different  parts  of  Egypt  may  be  regarded  as  real,  or  as 
accidentally  due  to  an  insufficient  i\umber  of  measurements.  It  will  be 
noted  that  the  most  striking  deviations  in  the  indices  are  between  the 
cephalic  indices  of  Giza  (73*76)  and  Dakahlia  (75*01),  between  the  upper 
facial  indices  of  Sharkia  (47*56)  and  Baheira  (49*00),  between  the  nasal 
indices  of  Kena  (78*90)  and  Dakahlia  (73*41),  and  between  the  aurioulo- 
gnathic  ind'ices  of  Girga  (103*4*4)  and  Sharkia  (100*01).  But  the  only 
sure  method  of  deciding  whether  these  differences  are  real  or  accidental 
is  by  a  study  of  their  probable  errors.  These  are  in  course  of  being 
worked  out.  Meanwhile,  however,  there  can  be  little  doubt  that  the 
people  of  Lower  Egypt  turn  out  to  be  decidedly  more  leptorhine  and 
more  orthognathous  than  those  of  Upper  Egypt. 

Further,  an  interesting  result  may  be  anticipated  from  an  examination 
of  the  frequency  curves  of  these  measurements,  each  curve  representing 
the  distribution  of  a  given  measurement  in  a  different  province.  Such 
a  study  may  lead  to  the  recognition  of  distinct  types  within  the  general 
population  of  Egypt,  supposing  it  be  found  that  measurements  tend  to 
accumulate  round  certain  values  which  are  constant  in  the  various 
provinces  of  Egypt. 


ArcluBohgical  and  Ethnological  Beseardi^s  in  Crete. — Report  of  the 
Committee^  consisting  of  Sir  John  Evans  (Chairman)^  Mr.  J.  L. 
Myres  (Secretary),  Mr.  R.  0.  Bosanquet,  Dr.  A.  J.  Evans,  Mr. 
D.  6.  Hogarth,  Professor  A.  Macalister,  and  Profeaspp  W. 
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Avi^miDix,^Egscavati4nu  at  Jknouoi  ia  Crete,  1905.    By  Dr.  Abthub  J.  EVANS    209 

The  Committee  report  that  of  the  grant  assigned  to  them  at  the  Cambridge 
meeting  of  the  Association  the  sum  of  75/.  has  been  paid  over,  as  usual, 
to  the  Cretan  Exploration  Fund,  and  expended  in  furthering  the  excava- 
tions of  Dr.  Arthur  J.  Evans,  whose  report  on  the  season  of  1905  is 
appended. 

The  sum  of  50/.,  allocated  to  ethnological  research  in  1904  but 
unexpended,  has  been  put  at  the  disposal  of  Mr.  C.  H.  Hawes,  M.A.,  of 
Trinity  College,  Cambridge,  to  continue  the  observations  b^un  by  Mr. 
W.  L.  H.  Duckworth  in  1903  on  the  physical  characters  of  the  ancient 
and  modem  population  of  Crete.  Mr.  Mawes  reached  Crete  in  April 
1905,  spent  some  time  studying  the  anthropological  materials  which  were 
brought  to  light  in  the  excavations  of  the  British  School  of  Archieology 
at  Palaikastro  in  Eastern  Crete,  and  made  a  series  of  journeys  through- 
out the  other  provinces  of  Crete  with  the  object  of  obtaining  further 
observations  of  the  modem  population.  His  full  report  is  not  yet 
received. 

Both  branches  of  the  Committee's  work  continue  to  promise  results 
of  the  highest  scientific  value.  The  Committee  therefore  asks  to  be 
reappointed,  with  a  further  grant  of  100/.  ^  t 
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APPENDIX. 

SxcaixUiana  at  Ktiosaos  in  Crete^  1905.    By  Dr.  Arthur  J.  Evaks. 

The  exploration  of  the  magazines  on  the  Minoan  paved  way  West  of 
the  Palace  was  continued,  and  further  inscribed  tablets  and  sealings  were 
brought  to  light.  It  was  ascertained  that  the  system  of  magazines 
extended  Westward  along  both  sides  of  the  ancient  roadway.  The  paved 
way  itself  was  traced  further  West,  and  its  principal  objective  discovered 
in  the  shape  of  a  large  building  running  deep  into  the  hillside  opposite 
the  Palace.  Owing  to  the  magnitude  and  expense  of  the  work,  only  a 
part  of  this  could  be  explored.  A  columnar  court  opening  by  five 
spacious  doorways  into  a  large  hall  flanked  by  a  portico  formed  the 
eastern  section  of  the  building.  Beyond  were  various  chambers,  a  triple 
staircase,  and  the  beginning  of  a  fa9ade  wall  on  the  South,  resembling  on 
a  smaller  scale  the  west  wall  of  the  Palace. 

The  building  belonged  to  the  Later  Palace  period,  but  had  been 
reoccupied  by  poorer  settlers  in  mature  Mycenaean  times  (Late  Minoan 
III.)  and  divided  up  into  smaller  compartments.  To  the  later  arrange- 
ment belongs  a  shrine  of  great  interest  containing  fetish  images  in  the 
shape  of  natural  stones  (stalagmitic  blocks)  of  quasi-human  form — a 
Mother- Goddess  and  infant,  besides  other  small  figures.  With  these  was 
a  rude  terra-cotta  goat.  We  have  here  a  primitive  anticipation  of  the 
traditional  Cretan  cult  of  Khea  and  the  infant  Zeus.  Impressions  of  the 
original  wooden  columns  of  the  chamber  wei*e  found,  showing  fluting  in 
relief,  a  new  feature  in  Minoan  architecture,  and  of  Egyptian  derivation. 
Parts  of  inscribed  tablets  and  sealings  came  to  light  belonging  to  both 
periods  of  the  building,  and  supplying  new  chronological  standpoints.  A 
lane  seal-impression  belonging  to  the  early  stratum  (Late  Minoan  I. 
and  II.)  showed  a  horse  above  a  ship  with  rowers,  and  illustrates  the  first 
importation  of  horses  into  Crete. 

Further  stratigraphical  explorations  in  the  west  court  of  the  Palace 
brought  to  light  a  floor  of  the  First  Middle  Minoan  period,  with  numerous 
vessels  in  position,  including  the  finest  painted  vase  of  this  period  yet 
discovered. 

An  exceptionally  rainy  season  led  to  the  falling  in  of  the  second 
landing  of  the  grand  staircase  of  the  palace,  and  threatened  the  de- 
struction of  the  upper  flight  and  balustrades.  It  became  necessary  to 
resort  to  heroic  measures  ;  and,  as  the  wooden  props  had  proved  insufiicient, 
I  decided  to  remove  temporarily  the  upper  flight,  to  excavate  completely 
the  debris  still  partly  covering  the  lowest  flight  of  steps,  and  finally  to 
replace  the  upper  part  of  the  structure  at  its  original  level.  The  removal 
of  the  fallen  materials  below  led  to  the  discovery  of  a  second  and  lower 
ascending  balustrade  with  sockets  containing  the  charred  remains  of  the 
original  columns.  The  restoration  of  these — in  stone,  however,  in  place  of 
wood— formed  the  obviously  proper  method  of  resupporting  the  upper 
structures.  For  this  very  complicated  work  I  secured  the  services  of  Mr. 
C.  C.  T.  Doll,  architectural  student  of  the  British  School  at  Athens,  who 
has  carried  it  out  with  great  success,  the  stones  of  the  upper  flight  of  stairs 
and  balustrade  being  all  numbered  and  reset  in  their  original  positions. 
It  was  found  necessary  to  extend  this  reconstitution  to  the  neighbouring 
Upper  Corridor  and  the  Hall  of  the  Colonnades.  The  result  of  this  very 
extensive  undertaking  has  been  practically  to  restore  the  original  appear- 
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ance  of  what  is  unquestionably  the  most  monumental  feature  of  the  whole 
building,  while  at  the  same, time  all  its  ancient  elements  have  been 
religiously  conserved. 

In  the  work  of  excavation  I  was  throughout  assisted,  as  in  previous 
campaigns,  by  Dr.  Duncan  Mackenzie. 


The  Lake  VUUige  at  GUtdonbury. — SeverUh  Report  of  the  Committee, 
consisting  of  Dr.  R.  MuNBO  (Ghairmami),  Professor  W.  BoYD 
Dawkins  (Secretary),  Sir  John  Evans,  Dr.  Arthur  J.  Evans, 
Mr.  Henry  Balfour,  Mr.  0.  H.  Bead,  and  Mr.  Arthur  Bul- 
LEiD.  {Dravm  up  by  Mr.  Arthur  Bulleid  and  Mr.  H.  St. 
George  Gray.) 

The  excavations  were  reopened  at  the  Lake  Village,  near  Glastonbury, 
this  year,  under  the  joint  superintendence  of  Mr.  Arthur  Bulleid  and  Mr. 
H.  St.  George  Gray.  Digging  began  on  May  12,  and  was  continued  until 
June  10,  the  work  covering  four  weeks,  as  against  three  weeks  in  1904. 
Although  the  weather  was  exceptionally  favourable  for  digging  in  marshy 
ground,  a  pump  was  found  necessary  to  keep  the  trenches  free  from  the 
water  that  percolated  through  the  peat.  Photographs  were  taken  of 
hearths  and  other  objects  of  special  interest,  and  sectional  and  detailed 
plans  were  made  of  the  excavations,  as  in  former  seasons. 

The  areas  of  ground  explored  are  situated  partly  at  the  north- west 
corner  and  partly  near  the  centre  of  the  village.  At  the  latter  position 
Dwelling-mounds  51  and  53,  partly  examined  in  1898  and  1904,  were 
completed,  and  a  large  tract  of  level  ground  lying  westward  of  these 
dwellings  was  systematically  trenched.  This  led  to  the  discovery  of  two  ad* 
ditional  hut-sites,  thus  bringing  the  total  number  of  mounds  up  to  eighty- 
one.  Apart  from  a  few  '  finds '  of  minor  importance,  the  examination  of 
this  ground  was  of  a  less  interesting  nature  than  that  previously  explored. 
The  ground  was  not  so  thickly  piled  as  in  many  parts  of  the  site,  but  some 
exceptionally  well-cut  and  large  black  oak  piles  were  noticed  among  them. 

The  north-west  corner  of  the  village  was  far  more  productive. 
Dwelling-mounds  69  and  70  were  completely  examined,  together  with  the 
areas  of  level  ground  around  them,  and  Mounds  68,  71,  72,  and  73  were 
partly  examined. 

The  following  points  of  interest  were  noticed  in  the  different  mounds  : — 

Mound  69,  situated  near  the  N.W.  border  of  the  village,  N.W.  of 
Mound  68  and  N.E.  of  Mound  70,  measured  22  ft  across  £.  and  W.  It 
was  composed  of  two  superimposed  floors,  the  total  thickness  of  the  clay 
at  the  centre  being  29  in.  The  hearth  belonging  to  the  first  floor  was  a 
circular  area  of  baked  clay,'  4  ft.  8  in.  across  E.  and  W.  The  second  floor 
hearth  was  less  well  defined.  Near  the  N.W.  margin  of  the  second  floor  a 
patch  of  rubble  stone  was  found,  in  the  position  we  should  have  expected 
to  find  an  entrance  pavement.  Several  fragments  of  thin  grey  Roman 
pottery  were  dug  up  near  the  S.E.  margin  of  the  dwelling,  immediately 
under  the  flood-soil.  The  substructure  underlying  the  clay  was  a  well- 
preserved  layer  of  brushwood,  arranged  for  the  greater  part  lengthways 
E.  and  W.     This  was  photographed. 

The  objects  of  interest  found  in  this  mound  were :— B  226  (1895)| 
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fe  227  (1895),  B  380,  B  381,  B  382,  D  72,  E  199,  E  200,  E  202,  E  206; 
H  297,  H  298,  H  299,  H  300,  H  301,  L  37,  M  16  (1895),  M  17  (1895), 
P  132,  P  166,  Q  42,  S  40. 

Mound  70. — This  dwelling  was  situated  near  the  N.W.  edge  of  the 
village,  II.  of  Mound  68,  S.  W.  of  Mound  69,  and  was  protected  along  the 
W.  and  N.W.  sides  by  the  border-palisading.  It  was  composed  of  twd 
floors  and  a  series  of  nine  superimposed  hearths.  The  greatest  diameter 
of  the  Mound  E.  and  W.  was  34  ft.,  and  the  total  thickness  of  clsty  at  thcl 
centre  40  in. 

Floor  I. — The  hearth  belonging  to  this  floor  was  incomplete^  beiilg 
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within  6  in.  of  the  surface  of  the  field.     What  remained  of  it  was  com- 
posed of  baked  clay. 

Floor  II, — Covering  the  surface  of  the  floor  in  several  places  were 
distinct  signs  of  the  original  wood  flooring.  The  hearth  was  not  well 
preserved.  It  was  composed  of  baked  clay  of  circular  outline,  having  a 
diameter  of  from  3^  to  4  ft.  Hearths  3  and  4  were  circular  areas  of 
baked  clay,  8^  to  4  ft.  in  diameter,  without  any  corresponding  floors,  the 
clay  extending  a  foot  or  two  only  beyond  the  base  of  each.  Near  the 
N.W.  margin  of  Hearth  3  and  immediately  underlying  Floor  II.  portions 
of  a  complete  infant's  skeleton  (M  37)  were  exhumed,  and  fragments  of  a 
second  infant  (M  38)  were  discovered  at  the  same  level  on  the  E.  side  of 
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the  hearth.  Hearth  5  :  Except  for  aii  €lx(:«iisi6ti  6£  clsiy  for  4  ft.  silong 
the  W.  side,  this  hearth  was  unaccompanied  by  the  usaal  clay  floor.  The 
hearth  was  a  well-preserved  one  of  baked  clay,  measuring  4  ft.  3  in. 
E.  and  W.  and  of  circular  outline.  The  central  part,  over  Hn  area  of 
4  sq.  ft.,  was  flat ;  the  edge,  gradually  sinking  away  to  5  in.  below  thd 
level  of  the  middle  portion,  was  rounded  off.  Hearth  7  was  of  similar 
shape  and  size  to  the  last,  from  which  it  was  separated  by  a  layer  of  clay 
4  in.  thick.  Hearth  8  was  a  circular  layer  of  baked  clay,  4  ft.  in  diameter, 
immediately  underlying  those  above,  the  centre  and  margins  being  at 
the  same  level.  Near  the  E.  edge  several  fragments  of  triangular  loom- 
weights  were  dug  up,  accompanied  by  some  wattle-marked  baked  clay. 
Hearth  9  was  a  small  circular  patch  of  clay,  with  a  diameter  of  3  ft.  9  in. 
and  a  maximum  thickness  of  3  in ,  of  concavo-convex  shape  in  section 
E.  and  W.,  the  concave  surface  being  uppermost.  This  hearth  was  not 
lying  immediately  under  the  eight  above,  one- third  of  its  extent  being 
situated  outside  the  N.E.  margin  of  Hearth  8,  from  the  under  surface  of 
which  it  was  separated  by  a  layer  of  peat  2  in.  thick.  Passing  in  all 
directions  from  the  margin  of  this  hearth,  over  an  area  of  20  ft.  in 
diameter,  was  a  layer  of  fire- ash,  averaging  2|  in.  thick.  This  layer  was 
found  to  follow  the  surface  line  of  the  substructure,  and  contained 
numerous  fragments  of  charred  bone  and  antler,  many  of  them  being 
worked  and  ornamented.  The  layer  also  product  a  large  number  of 
fragments  of  pottery,  a  fragment  of  a  human  humerus  (M  36),  a  quantity 
of  wheat.,  many  baked  clay  loom  weights  (complete  and  in  fragments), 
masses  of  charcoal,  and,  more  especially  over  the  southern  half,  pieces  of 
baked  clay  showing  wattle  and  finger  marks.  The  first  dwelling  on  this 
site  had  evidently  no  clay  floor  and  was  destroyed  by  fire.  A  sectional 
diagram  was  made  of  this  mound,  drawn  through  the  centre  E.  and  W. 
Under  the  clay  near  the  palisading  S.W.  of  the  mound  a  large  knobbed 
oak  pile  was  discovered,  lying  horizontally  among  the  substructure  ;  the 
top  of  the  knob  was  charred  and  incomplete.  The  pile  is  of  similar  shape 
to  many  previously  discovered,  and  its  original  use  was  presumably  to  fix 
the  horizontal  mortised  beams.     It  was  photographed. 

Amongst  the  'finds'  of  importance  from  Mound  70  were  :— B  225 
(1895),  B  383  to  393,  B  395,  E  102  (1895),  E  211,  E  223,  E  236,  E  287, 
G  23,  H  163  (1895),  H  304  to  316,  I  89  to  92,  K  29,  L  12  (1895),  M  15 
(1895),  M  36  to  38,  P  167,  P  168,  T  12,  W  171,  W  172. 

Mound  68. — Only  a  part  of  the  W.  margin  of  this  mound  was 
examined  ;  it  was  found  to  consist  of  two  floors.  The  remaining  portion 
will  be  explored  next  year. 

The  objects  found  in  this  mound  were  :  B  228  (1895),  E  201,  H  302. 

Mound  71. — Two- thirds  of  this  mound  were  examined,  the  remaining 
part  of  the  dwelling  being  in  ground  marked  off  for  next  season's  work. 
The  mound  was  composed  of  three  floors,  the  maximum  depth  of  clay, 
3  ft.  E.  from  the  hearth,  being  18  in.  Signs  of  wood  flooring  covering 
the  clay  were  noticed  on  Floors  II.  and  III.  The  diameter  of  the  mound 
N.  and  S.  was  26  ft  Floor  I.  was  of  small  area,  extending  a  few  feet 
from  the  margin  of  the  hearth.  The  hearth  was  made  of  gravel,  and 
belonged  to  both  Floors  I.  and  II.  It  had  a  circular  but  irr^ular  out- 
line, and  measured  3  ft.  6  in.  E.  and  W.  across  the  top  and  5  ft.  across 
the  base  in  the  same  position.  On  the  second  floor  a  portion  of  a  com- 
plete skeleton  of  an  infant  (M  39)  was  found.  The  substructure  was  a 
well-preserved  platform,  the  timber  being  arranged  paraUd,^  withpieces 
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occasionally  placed  at  right  angles.  Under  the  N.  and  S.  quarters  of 
the  mound  the  wood  was  lyiug  lengthways  in  an  E.N.E.  and  W.S.W. 
direction,  under  tho  west  quarter  N.W.  and  S.E.,  and  at  the  east  side  of 
the  hearth  in  a  N.N.W.  and  S.S.E.  direction.  Photographs  were  taken 
showing  the  hearth  and  the  timber  substructure  together. 

The  chief  '  finds '  from  Mound  71  were  :— B  372,  B  394,  B  396  to  400, 
C  25,  E  235,  E  238  to  242,  H  317  to  323,  H  329,  H  330,  I  93,  I  94, 
L  38,  M  39,  P  169,  P  170,  Q  46,  Q  47,  W  173,  W  174,  W  176. 

Mound  72  was  situated  near  the  W.  margin  of  the  village,  W.  of 
Mound  73,  S.W.  of  Mound  71,  and  bounded  on  the  W.  side  by  the 
border-palisading.  It  was  composed  of  three  floors,  the  E.  and  W. 
diameter  through  the  centre  of  the  mound  being  28  ft.  The  northern 
half  of  the  mound  was  the  only  part  explored,  the  remainder  awaiting 
examination  next  year.  The  position  of  the  hearths  belonging  to 
Floors  II.  and  III.  was  determined,  both  being  in  a  poor  state  of  pre- 
servation and  placed  eccentrically  to  the  middle  of  the  mound.  The 
second  floor  hearth  was  made  of  baked  clay,  with  a  few  small  stones 
embedded  near  the  centre  ;  the  edge  was  ill-defined.  The  hearth  belong- 
ing to  Floor  III.  was  made  of  baked  clay,  and  its  margin  could  not  be 
determined  with  accuracy.  The  W.  margin  of  Floor  II.  was  bounded  by 
a  well  defined  line  of  wattle- work.  Under  the  clay  of  Floor  I.,  near  the 
N.W.  margin  of  the  mound,  a  piece  of  worked  oak  6^  ft.  long  was  dug  up 
near  the  palisading.  It  was  a  portion  of  a  much  longer  l^m  of  split 
oak,  the  transverse  section  being  plano-convex.  At  the  complete  end 
the  flat  surface  was  notched  for  1  ft,  so  that  it  could  be  placed  upon  and 
at  right  angles  to  a  similar  beam.  Along  the  centre  of  the  beam  was  a 
series  of  small  morcise- holes,  averaging  li  in.  long  by  1  in,  wide,  arranged 
at  intervals  of  from  3^  to  4  in.  apart.  Similar  beams  of  oak  have  been 
found  in  other  parts  of  the  village  in  former  years,  in  one  instance 
accompanied  by  the  complete  hurdle,  which  was  originally  fixed  upright 
in  the  beam.  This  piece  of  oak  was  presumably  part  of  a  rectangular 
building.     It  was  photographed. 

The  most  important  objects  found  in  Mound  72  were  : — E  246,  E  247, 
H  332  to  334. 

Mound  73. — Only  a  portion  of  the  west  side  of  this  dwelling  wps 
examined.  It  was  found  to  be  composed  of  two  floors,  the  total 
thickness  of  the  clay  being  16  in.  so  far.  The  substructure  consisted 
of  brushwood  1  ft.  thick  and  pieces  of  timber  arranged  lengthways  in 
a  N.N.E.  and  S.S.W.  direction.  This  mound  awaits  completion  next 
year. 

The  only  '  find '  of  importance  was  E  245. 

Mound  80. — This  mound  was  situated  near  the  centre  of  the  village, 
W.  of  Mound  53  and  S.  of  Mound  65.  It  was  composed  of  a  single 
circular  layer  of  clay,  24  ft.  in  diameter  E.  and  W.,  the  greatest  thickness 
being  13  in.  There  was  evidence  of  a  baked-clay  hearth  near  the  centre, 
with  indefinite  outline.  Peas  were  found  on  the  surface  of  the  floor  over 
the  western  quarter  of  the  mound.  The  substructure  was  not  strong,  the 
pieces  of  timber  being  arranged  lengthways  in  a  N.E.  and  S.W.  position. 
When  trenching  the  ground  lying  west  of  this  mound  several  rooted 
atumps  of  alder  trees  were  discovered  in  situ.  Similar  stumps  have  pre- 
viondy  been  noticed  in  the  peat  near  thp  central  parts  of  the  village,  and 
liave  SGpnetimes  shown  distinct  adze-marks.  The  leafy  peat  in  the  neighr 
bpurl^ood  of  thpfie  stumps  was  scarcely  rpcogn^able  i^s  a  layer. 
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The  chief  'finds'  from  Mound  80  were  :— F  373,  G  24,  Q  43,  Q  44, 
S  41.  W  170. 

Mound  SI. — A  small  circular  mound  of  clay,  19  ft.  in  diameter,  situated 
W.  of  Mound  80  and  S.  W.  of  Mound  65.  It  was  composed  of  two  floors,  the 
total  thickness  of  which  near  the  centre  was  15  in.  Baked  wattle-marked 
clay  and  wood-ashes  were  noticed  when  following  the  E.  and  S,£.  margins 
of  the  dwelling,  and  were  found  to  extend  inwards  on  the  surface  of  the 
olay  for  an  average  distance  of  2  ft.  No  hearth  was  discovered  on  either 
floor,  although  there  was  evidence  of  fire  on  both.  The  substructure  con- 
sisted of  a  layer  of  brushwood.  Several  rooted  alder  stumps  were  found 
in  the  peat  lying  to  the  south  of  the  mound.  The  southern  half  of  the 
mound  was  the  only  part  explored,  the  work-shed  being  situated  over  the 
northern  edge  from  the  commencement  of  the  investigations  in  1892. 
The  complete  examination  of  this  dwelling  will  be  postponed  until  the 
conclusion  of  the  explorations. 

The  only  objects  of  interest  found  in  or  near  this  mound  were  : — H  328, 
Q  45,  W  175,  W  178. 

Mound  51. — This  mound  was  of  small  size,  situated  in  the  east  central 

portion  of  the  village,  E.  of  Mound  53  and  N.E.  of  Mound  52.      It  was 

composed  of  five  floors.     The  total  depth  of  clay  at  the  centre  was  18  in., 

the  greatest  diameter  of  the  mound  E.  and  W.  being  22  ft.     Floor  I. 

measurcdgJ^  ^.E.  |tnd  W.     The  hearth  consisted  of  a  circular  area  of 

^  J^'^aJc^Tclay,  3  ft  in  diamelSl*Ps»n  inferior  state  of  preservation,  and 

placed  eccentrically  to  the  middle  the  mound,  and  south  of  the  summit. 

Floor  II.  was  of  smaller  extent,  mea;8UU(^  14  ft.  E.  and  W.     Its  hearth 

was  of  baked  clay,  situated  immediately*  d^r  that  of  Floor  I.,  and  of 

similar  dimension.     Floor  III.  measured  11  ft?  jand  W.,  and  no  distinct 

hearth  was  discovered  belonging  to  this  floor,     mr  IV.  measured  9  ft. 

E.  and  W.     The  central  part  of  this  small  area  of  cr^was  occupied  by  a 

well-preserved  circular  hearth   of  stone,   averaging^  It.  in  diameter. 

Floor  V.  measured  7  ft.  E.  and  W. ;  fully  one-half  of  the  uneter  of  this 

area  of  clay  was  taken  up  by  a  hearth  of  stone  in  an  exdent  slate  of 

preservation.     Scattered  about  on  or  near  the  S.W.  margin^  this  floor 

were  fourteen  slabs  of  lias,  the  majority  of  them  lying  on  the  sCace  of  the 

substructure.    Little  of  importance  was  found  on  the  floors  of  is  mound 

except  fragments  of  pottery,  and  that  below  the  average  quanti.     Peas 

were  found  along  the  N.W.  margin  of  the  clay. 

The  numbered  objects  found  in  or  near  this  dwelling  were  :  F  369 
(1904),  H  123  (1894),  H  294  (1904),  H  295  (1904),  P  102  (1894P  103 
(1894),  W  64  (1894). 

Mound  53.— This  dwelling,  situated  W.  of  Mound  51  and  SE.  of 
Mound  52,  was  composed  of  three  layers  of  clay,  separable  with  difialty. 
The  total  thickness  of  the  clay  near  its  centre  was  15  in.,  and  the  g»test 
width  E.  and  W.  22  ft.  Floor  I.  was  indistinct,  the  surface  being  ixed 
with  the  surface  soil,  and  no  hearth  was  found.  Floor  II.  had  its  lerof 
clay  better  defined.  The  hearth  was  made  of  gravel,  with  a  few  pies  of 
flat  sandstone  embedded  in  the  surface.  The  outline  was  circul  and 
4  ft.  in  diameter,  convex  and  irregular,  the  centre  being  3^  in.  &he  the 
level  of  the  periphery  at  the  base ;  no  bevelling  was  noticed  at  the  >rgin. 
Floor  III.  had  a  hearth  badly  preserved  ;  it  was  made  of  baked  clpabout 
3 1  ft.  in  diameter,  but  the  mai^gin  was  indefinite.  Immediately  un^r  this 
there  were  three  other  superimposed  olay  hearths  of  the  same  si  as  the 
last  ii>entionec|.    The  substructure  consisted  of  layers  of  bnisbXKi. 
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The  objects  found  in  or  around  this  dwelling,  including  a  compara- 
tively small  quantity  of  pottery,  were  :— B  379  (1904),  E  198,  F  370  (1904), 
F  371,  F  372,  H  296,  H  335  (1898),  Q  41  (1904),  W  166  (1904),  W  167 
(1904),  W  169. 

8hobt  Dbbcriptions  op  the  Relics;  all  Fovsm  m  1906, 

UNLESS  OTHEBWISB  STATED. 
Bans  Ohjftett.    (B.) 

226.  Polished  bone ;  found  to  the  N.  of  Moand  70, 1895. 

226.  Fragment  of  worked  and  charred  bone ;  found  to  the  N.W.  of  Mound  69, 
1896. 

227.  Bone  gouge;  found  near  the  N.  maigin  of  Mound  69, 1895. 

228.  Perforated  metatarsal  bone.    Hound  68, 1895. 

372.  Roughly- worked  needle,  fractured  across  the  eye ;  length  from  base  of  eye 
to  point,  79  mm.    The  eye  was  at  least  4  mm.  across.    Mound  71. 

379.  Perforated  head  of  femur  (? human);  perhaps  a  splndlewhorl.  Mound  53, 
1904. 

880.  Worked  metatarsus,  presumably  of  a  small  deer;  in  a  bad  state  of  pre* 
servation.    Mound  69. 

381.  The  upper  portion  of  tibia  of  horse,  the  condyles  missing.  Two  perfora- 
tions  (4  mm.  diam.)  have  been  made  near  the  top,  and  on  the  opposite  side  a  deep 
notch  (NT  slit  has  been  sawn  obliquely  across  the  bone  to  a  depth  of  about  11*5  mm. 
Mound  69. 

382.  The  upper  portion  of  another  tibia  of  horse,  the  condyles  and  other  parts 
missing.  Two  perforations  (diams.  3  and  5  mm.)  are  still  intact  and  the  position  of 
another  is  observable ;  on  the  oppoiite  side  two  deep  transverse  notches  have  been 
sawn  into  the  bone  to  an  average  depth  of  16  mm.  The  slits  are  about  3*5  mm.  wide. 
Also  found  in  Mound  69.  Several  of  these  implements,  more  or  less  broken  (besides 
B  881  andB  ,H83,  found  this  year),  have  been  discovered  in  various  parts  of  the 
village,  but  we  have  not  yet  been  able  to  determine  what  their  special  purpose  was, 
although  it  has  been  veiy  vaguely  asserted  by  those  who  have  seen  them,  and  are 
competent  to  judge,  that  they  were  used  in  the  process  of  weaving. 

3iB3.  Another  similar,  but  broken  into  many  pieces.    Mound  G9. 

384.  Fragment  of  charred  bone  (?  bird-bone).  One  face  is  ornamented  with  five 
representations  of  dots-and-cirdes.  On  another  face  is  a  transverse  groove,  on 
either  side  of  which  are  two  circular  perforations  through  the  bone  3*5  mm.  in  diam. 
Mound  70. 

386.  Piece  of  cut  metatarsal  bone,  charred,  length  .29  mm.,  with  a  circular  trans- 
verse perforation  3*8  mm.  in  diam.    Mound  70. 

386.  Piece  of  smooth-cut  bone  (7  bird-bone),  charred,  length  34-3  mm.  Max. 
width  at  one  end,  12  mm. ;  at  other,  8*8  mm.    Mound  70. 

387.  Another  similar  to  last,  charred,  length  38-5  mm.  Cracked  lengthwise. 
Mound  70. 

388.  Piece  of  cut  metacarpal  bone,  charred,  length  31'4  mm.  Max.  width  at  one 
end,  11*1  mm. ;  at  other,  8  mm.    Decorated  with  one  dot-and-curcle.    Mound  70. 

389.  Piece  of  cut  metacarpal  bone,  charred,  length  29  mm.,  with  two  transverse 
lateral  perforations  measuring  about  4  mm.  in  diam.  Ornamented  on  the  convex 
surface  by  a  line  of  foar  dots-and-circles.    Mound  70. 

390.  Another  similar  to  the  last,  charred,  length  28  mm.,  and  with  similar  per- 
forations. Ornamented  on  the  convex  surface  by  a  row  of  three  dots-and-circles. 
Mound  70. 

391.  A  small  section  of  out  bone,  charred,  length  26  mm.  Perforated  in  two 
places  by  circular  holes  3*2  mm.  in  diam.    Mound  70. 

392.  Precisely  shnilarto  B  386,  but  37*2  mm.  long.  Max.  widths  at  ends,  12*3  and 
9*1  mm.  respectively.    Mound  70. 

393.  Eight  complete  and  incomplete  objects  of  charred  bone  similar  in  character 
to  those  previously  described,  viz.,  B  384  to  B  392.  The  eight  vary  in  length  in 
their  present  condition  from  22*5  to  37*7  mm.  Six  have  transverse  perforations  and 
five  are  ornamented  with  rows  of  the  dot-and-circle  pattern.  All  these  little  objects, 
together  with  many  fragments  of  others,  were  found  scattered  over  several  square 
fe^t  of  space  belo^y  the  clay  of  Moapd  J^*  ^^  ^®  peaty  floor  of  a  habitation  whicl) 
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must  have  existed  before  clay  had  been  introdaced  to  this  particular  mound,  and  which 
was  probably  destroyed  by  a  conflagration.  All  are  charred  to  a  white  or  cream 
colour.  The  plain  pieces  of  cut  bone  with  the  natural  longitudinal  bore  are  all 
about  the  same  size ;  and  so  are  the  shorter  pieces,  viz.,  those  with  pairs  of  perfora- 
tions bored  transversely  and  laterally  and  ornamented  with  the  dot-and-cirde 
pattern.  It  is  quite  possible  that  these  little  objects  formed  part  of  a  double- 
stringed  necklace,  two  of  the  plain  *  beads '  being  threaded  horizontally  to  every 
ornamental  one  vertically. 

S94.  Drill-bow  made  from  a  rib-bone.  Total  length  on  the  curve,  269  mm.  The 
perforation  at  each  end  is  circular  and  about  4*2  mm.  in  diam.  The  flatter  end 
has  rounded  comers.  It  has  no  decoration.  Mound  71.  A  similar  drill-bow  orna- 
mented with  crossed  lines,  forming  lozenges,  was  found  in  Mound  44  in  1893. 

395.  Tibia  of  animal,  sharpened  to  a  blunt  point  at  the  slender  part  of  the 
shaft;  length,  148  mm.     Mound  70. 

396.  Polishing-bone,  consisting  of  a  metatarsns  of  red-deer  with  the  condyles 
wanting.  The  bone  is  remarkably  smooth,  and  exhibits  evidence  of  having  been 
considerably  gnawed  at  both  ends.    Mound  71 . 

397.  Smooth  rib-bone  showing  two  cut  notches.    Mound  71. 

398.  lliree  metatarsi  of  sheep  or  goat,  all  more  or  less  worked*  two  showing 
signs  of  scratching  all  round  the  shafts,  followed  by  considerable  polishing  of  th« 
surf  ace.    Mound  71.    (See  description  of  another,  B  373,  in  last  year's  Report.) 

399.  About  two-thirds  of  a  metatarsus  of  horse,  smoothed  for  the  purpose  of  pol* 
ishing  or  burnishing.     Mound  71. 

400.  The  greater  portion  of  a  roughly-formed  bone  needle,  broken  across  the  eye, 
which  was  approximately  8-7  mm.  in  diam.    Max.  ext.  width,  6*7  mm.    Mound  71. 

Crucibles,    (C.) 

25.  Portion  of  a  grey,  triangular,  hand-made  crucible,  made  from  a  very  fine  clay. 
Mound  71.  Fortjons  of  several  crucibles  of  this  form  liave  been  found  in  the  village, 
but  nothing  till  this  year  since  1896.  A  small  portion  of  one  (not  numbered)  was 
found  in  Mound  73  this  season. 

Bake4  Clay.    (D.) 

72.  Small  black  disc  of  baked  clay  (7),  varying  in  diam.  from  19  9  to  20*4  mm. ; 
max.  thickness,  3*1  mm.  In  section  it  is  concavo-convex,  the  concavity  being  more 
pronounced  than  the  convexity.    Mound  69. 

Slinffhdlets. — Only  six,  in  a  baked  condition,  were  found  during  this  season,  viz., 
2  in  Mound  69,  1  in  Mound  70,  2  in  Mound  71,  and  1  in  trenching  N.  of  Mound  72. 
One,  unbaked,  was  found  in  the  Litter  locality. 

Ballt  of  Baited  Ciay, — A  large  ball,  partly  perforated,  was  found  on  the  second 
floor  of  Mound  71.  Four  small  balls  came  from  Mound  70,  three  being  partly  perr 
forated ;  they  may  have  been  used  as  the  heads  of  bone  awls  or  pins.  Another  ball 
of  clay  was  found  on  the  E.  edge  of  Mound  63. 

Unbaked  Clay, — A  small  pellet  from  the  trenching  N.  of  Mound  72. 

LoofU'WeiffkU, — Triangular,  with  perforations  across  the  corners: — 8  in  the 
peaty  layer  under  the  clay  floors  of  Mound  70 ;  1  found  in  trenching  W.  of  Mound 
53.  Of  a  rounded  and  narrow  form  with  one  perforation : — 2  in  Mound  70,  I  in 
Mound  71.  Small  fragments  of  many  others  were  found  during  the  season,  espe* 
cially  under  the  clay  of  Mound  70. 

Otker  Baked  Clay  OltjecU, — A  large  curved  piece,  which  may  h^ve  formed  part  of 
the  margin  of  an  oven.    Found  under  the  clay  of  Mound  70,  on  the  floor,  which 
afforded  evidence  of  a  conflagration.    A  plug  tor  stopping  up  ^  hole  in  a  hut-wall  ' 
was  found  in  the  trenching  S.  of  Mound  71. 

Bronze  Objects.    (E.) 

102.  Two  pieces  of  a  spiall  bronze  finger-ring ;  ext.  diam.,  18  mm.  Mound  70, 
1896. 

198.  Fragment  of  thin  bronze  of  concavo-convex  cross- section,  ornamented  wiU| 
^  Sttcceasion  of  slight  transverse  grooves.    Mound  63,  ^  t 
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199.  Small  piece  of  bordering  for  some  perishable  material.    Moand  69. 

200.  Small  piece  of  bordering.    Mound  69. 

201.  Fragment  of  rim  of  a  bronze  vessel,  length  24*3  ram.  The  inside  is  onia« 
mented  with  a  row  of  short  vertical  incisions.    Momsd  70. 

202.  Rivet-head,  diam.  13  mm.,  height  6*4  mm.  The  rivet,  diam.  2  mm.,  projects 
0*9  mm.  below  the  base  of  the  head.    Mound  69. 

206.  Handle  (length  53  mm.),  probably  of  a  bronze  vessel,  and  perhapa  one  of  a 
pair.  It  is  of  D-shaped  design,  the  vertical  face  (length  45  mm.),  which  followed  the 
neck  of  the  vessel,  being  slightly  convex,  whilst  the  inner  sarface  of  the  lugs,  or  ears, 
of  which  one  remains,  is,  on  the  contrary,  more  decidedly  Oi^noave,  for  adaptation  to 
the  horizontal  carve  of  the  neck  of  the  vessel.  The  remaining  lag  is  almost  circular, 
max.  diam.  13  m^.,  with  a  central  riret-hde  1*7  mm.  in  diam.  The  handle  is  of 
circular  section  at  top  and  bottom,  with  a  min.  diam.  of  5*3  mm.,  and  expands  to  a 
max.  width  of  17  mm.  This  expansion  is  bounded  on  either  side  by  a  heavy  beading, 
4  mm.  in  width,  enclosing  a  sunken  field  ornamented  by  an  incised  representation  of 
a  symmetrical  curvilinear  design,  the  interspaces  being  filled  by  successions  of  slight 
grooves  arranged  horizontally,  vertically,  and  obliquelv.  Similar  ornamentation 
occurs  on  the  pottery  from  the  village.    Found  in  Mound  69. 

211.  Small  fibula  in  four  pieces,  the  pin  and  spring  26*3  mm.  long.  The  catch- 
plate  is  not  perforated,  but  the  outline  of  the  usual  hole  has  survived  as  ornament 
and  is  clearly  traceable,  crossed  centrally  and  vertically  by  two  slight  conjoined 
bands.  The  collar,  which  in  rather  earlier  fibulas  of  this  type  served  to  secure  the 
retroflected  end  of  the  fibula  to  the  bow,  survives  in  this  example  as  ornament. 
Mound  70. 

228.  Slender  needle  in  several  fragments ;  max.  diam.  of  eye,  2*6  mm.  Mound  70. 

335.  Fragment  of  corroded  bronze.    Mound  71. 

236.  Hook  (width  9*7  mm.)  attached  to  thin  crumpled  bronze ;  the  end  of  the 
book  tapers  to  a  thin  squared  edge.  Ornamented  by  a  deep  groove  lengthwise 
Moond  70. 

237.  Two  pieces  of  bordering ;  max.  width,  6*6  mm.     Mound  70. 

288.  Eight  fragments  of  bronze,  much  corroded  and  crumpled.    Mound  71. 

239.  Harp-shaped  fibula  of  La  T^ne  type,  with  a  small  portion  of  the  tail  missing; 
length  I  78*5  mm.  Ck>n8tructed  from  one  piece  of  metal,  with  the  addition  of  a  short 
tubular  piece  of  bronze  inserted  into  the  coil  of  the  spring.  The  latter,  after  twisting 
round  once  on  one  side,  arches  round  the  back  and  completes  a  symmetrical  twist  on 
the  other  side,  turning  inwards  to  form  the  pin.  The  catch-plate,  being  perforated,  is 
strengthened  by  a  vertical  but  curved  strut.  A  raised  band  or  collar  forms  part  of 
the  ornament  on  the  bow,  and  is,  in  this  respect,  similar  to  E  211  described  above. 
Mound  71. 

240  and  241.  Portions  of  two  large  rivet-heads ;  max.  diams.,  15  and  16  mm. 
Also  several  fragments  of  corroded  bronze.    Mound  71. 

242.  Three  damaged  rivet-heads  and  several  rivets  without  heads.  Also  fnig> 
menta  of  corroded  bronze.    Mound  71. 

245.  Stout  but  small  child's  finger -ring,  ornamented  by  a  continuous  groove  round 
the  middle ;  width  at  front  3*3  mm.,  tapering  to  1*8  mm.  at  back ;  int.  diam.,  12  mm. 
Mound  73. 

246.  Fibula,  complete,  made  of  one  piece  of  bronze ;  total  length,  43  mm.  The 
bow  is  almost  straight,  the  flattened  top  (max.  width  4  mm.)  being  ornamented  with 
three  longitudinal  grooves  tapering  towards  the  no£e  or  tail  of  the  fibula.  One  face 
of  the  catch-plate  exhibits  signs  of  slight  incised  ornamentation.  The  coil  com- 
mencing from  the  bow  makes  two  twists  outwards  on  one  side  and,  folding  under  the 
head  of  the  bow,  completes  two  symmetrical  turns  inwards  before  the  pin  emerges. 
Mound  72. 

247.  Bronze  chape  of  scabbard  of  sword  or  dagger,  the  bulbous  termination  of 
which  is  13*5  mm.  in  diam.  Bronze  bordering  for  the  edges  of  the  sheath  spring  in 
both  directions,  and  measures  7*8  mm.  in  average  width,  being  of  semicircular  sec- 
tion. Several  inches  of  this  bordering  were  observed  in  the  peat  in  continuation  of 
what  now  remains,  but  being  in  a  very  fragile  condition  it  could  not  be  removed 
entire.  Found  in  Mound  72.  A  similar  chape  was  found  in  Mound  58  (1896),  and  is 
figured  in  the  '  Proc.  Som.  Arch.  Soc.,*  vol.  50,  pt.  2,  PL  VII.,  E  107. 
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yiini.    (F.) 

369.  Worked  flake.     Mound  61, 1904. 

370.  Long  flake  with  two  worked  saw-like  edges.    Hoand  53, 1904. 

371.  A  tiny  flake.     Mound  53. 

372.  flake  with  prominent  bulb  of  percnssion.    Monnd  53. 

373.  Large  flake  with  a  little  secondary  chipping.  Found  in  trenching  near  the 
E.  margin  of  Mound  80. 

In  addition  to  the  above,  two  flakes  were  found  in  Mound  53 ;  four  in  trenching 
9.  and  8.E.  of  Mound  65;  two  in  Hound  70;  two,  Mound  71 ;  three.  Mound  73} 
one,  Mound  73;  four.  Mound  80;  two  W.  of  Mound  80 ;  and  one  in  Mound  81. 

OlMt.    (G.) 

23.  Piece  of  blue  fused  glass  of  irregular  form,  to  which  some  corroded  bronze 
adheres.  Mound  70.  This  aSfords  further  proof  that  glass  objects  were  made  in  the 
village. 

24.  Bead  of  white  glass,  not  quite  circular,  the  est.  diam.  varying  from  21*2  to 
23  mm. ;  int.  diam.,  10  to  11  mm.  The  section  of  the  substance  is  round.  Found 
in  trenching  8.W.  of  Mound  80. 

Antler,    (H.) 

123.  Short  piece  of  out  antler ;  maz«  length,  45  mm. ;  max.  width,  58  mm. 
Mound  51,  1894. 

163.  Piece  of  worked  antler.  Found  outside  the  palisading,  but  near  Mound  70, 
1896. 

294.  Plain  weaving-comb,  having  ten  small  teeth,  all  more  or  less  broken. 
Mound  51,  1904. 

295.  Slender  tine  of  deer,  sbowiug  signs  of  having  been  worked.  Mound  51, 
1904. 

296.  Piece  of  worked  antler  split  down  the  middle  and  charred  to  a  bluish-white 
colour ;  length,  32  mm.  The  object  has  a  knobbed  head,  of  which  only  a  small 
section  remains.  Mound  53.  H  335,  mentioned  below,  is  a  similar  object  from  the 
same  mound,  but  the  pieces  do  not  join. 

297.  Two  portions  of  a  worked  antler.    Mound  69. 

298.  Portion  of  a  roughly-cut  but  very  smooth  antler,  with  a  harge  transvoM 
hole  7-6  mm.  in  diam.    Perhaps  a  cheek-piece  of  a  horse*8  bit.    Mound  69. 

299.  A  similar  but  larger  piece  than  H  298,  with  a  perforation  in  a  like  position 
and  6  mm.  in  diam.  Rows  of  slight  transverse  scorings  are  seen  all  round  this 
object.  Between  the  hole  and  top  on  one  side  a  short  but  deep  notch  has  been 
sawn  transversely.    Mound  69. 

800.  Piece  of  a  tine  of  antler  worked  at  the  point.    Mound  69. 

301.  Piece  of  worked  antler  (probably  roe-deer).    Mound  69. 

302.  Portion  of  an  unoraamented  weaving-comb  in  many  fragments.     Mound  68. 

303.  Point  of  a  small  tine,  charred;  length,  72  mm.  Ornamented  with  two 
transverse  grooves  at  the  broad  end,  and  having  a  large  perforation  at  7*8  mm. 
below  that  end.    Mound  70. 

304.  Another  precisely  similar  to  H  303,  but  78  mm.  long.    Mound  70. 

305.  Another,  much  damaged.  Mound  70.  It  is  quite  possible  that  these  three 
small  perforated  objects  may  have  been  used  as  pendants  for  a  necklace. 

306.  Portion  of  a  snuiU  weaving-comb,  white  from  calcination.  Traces  of  only 
four  teeth  remain,  above  which  are  two  incised  transverse  lines  enclosing  a  plain 
ligzag  design.    Min.  width  of  handle,  18*2  mm.    Mound  70. 

307.  Point  of  a  tine,  calcined,  the  tip  having  been  bifurcated  by  a  shallow 
groove,  which  tapers  off  from  a  max.  width  of  1-8  mm.     Mound  70. 

308.  Piece  of  smooth  antler  of  oval  section,  showing  saw-marks  at  the  large  end ; 
the  other  end  has  been  broken,  and  the  point  is  missing.     Mound  70. 

309.  Portion  of  the  handle  of  a  calcined  weaving-comb,  the  teeth  entirely 
deficient.  There  is  a  circular  hole  (diam.  4*8  mm.)  at  the  top  for  suspension.  It  is 
ornamented  with  fifteen  incised  dots-and-circles,  irregularly  arranged.  None  of  the 
circles  are  true,  owing  to  the  action  of  fire.    Mound  70. 

310.  Straight  piece  of  tine,  bearing  cle^  evidence  of  liaving  been  cut  in  several 
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places.  Although  there  is  no  perforation  for  attaching  the  implement  to  a  shaft  of 
wood,  it  appears  to  have  been  intended  for  a  rough  spear-head,  perhaps  used  in 
driving  aniinals.    Mound  70. 

311.  Portion  of  a  handle  of  a  weaving-comb,  of  a  creamy  colour,  caused  by 
calcdnation.  Ornamented  with  twelve  dots-and-circles,  which  have  been  converted 
Into  ovals  by  the  action  of  fire.    Mound  70. 

312.  Fragment  of  a  calcined  weaving-comb,  ornamented  by  two  transverse  and 
two  oblique  incised  lines ;  between  the  latter  is  a  row  of  three  unusually  small 
dots-and-cirdes ;  there  are  also  two  in  the  interspace  between  the  transverse  and 
oblique  incisions.    Mound  70. 

813.  Portion  of  a  calcined  weaving-comb,  with  seven  complete  .and  incomplete 
teeth  remaining ;  they  are  unusually  small,  but  the  burning  has,  doubtless,  caused 
shrinkage.    Seven  dots-and-circles  occur,  arranged  irregularly.    Mound  70. 

314.  Dentated  portion  of  a  calcined  weaving-comb,  unomamented,  with  six 
complete  teeth  remaining.    Mound  70. 

816.  Piece  of  roe-deer  antler,  white  from  calcination.  The  small  projecting  tine 
hae  been  worked  to  a  smooth  point,  and  may  probably  have  been  used  for  decorating 
pottery.    Mound  70. 

816.  Dentated  end  of  a  small  calcined  weaving-oomb,  in  a  veiy  friable  and 
incomplete  condition.    Mound  70. 

317.  Large  object  of  antler  of  red-deer,  in  many  fragments  and  beyond  repair. 
Oblique  scorings  and  marks  of  the  saw  are  observable  in  places.    Mound  71. 

318.  Hammer  formed  from  the  base  of  a  red-deer  antler,  measuring  208  mm.  in 
circumference  just  above  the  burr.  It  shows  indications  of  much  use,  and  was 
found  in  several  pieces  in  Mound  71.  The  hole  for  the  reception  of  the  shaft  is  of 
oblong  section,  measuring  on  the  lower  side  26  by  21  mm. ;  the  formation  of  this 
hole  was  started  by  means  of  a  broad  saw,  and  the  work  has  been  clumsily  carried 
out,  deep  saw-marks  extending  beyond  the  margin  of  the  hole  to  the  ezt<ent  of  from 
9  to  14  mm.  The  hole  on  the  other  side  was  formed  by  the  removal  of  the 
brow-tine. 

319.  Portion  of  a  small  antler  of  roe-deer,  points  missing,  but  showing  saw- 
marks  and  other  signs  of  having  been  used.    Mound  71. 

320.  Tine  of  an  antler  worked  to  a  smooth,  blunt  point,  and  having  a  perforation 
(diam.  6  mm.)  at.  base.     Mound  71. 

321.  Large  straight  piece  of  red-deer  antler,  length  315  mm.,  somewhat  in  the 
form  of  a  truncheon.  The  part  for  grasping  has  b€«n  roanded  to  an  average  diam. 
of  23  mm.,  at  the  base  of  which  is  a  roughly-trimmed  knob  projecting  on  one  side 
(max.  width  47  mm.) — a  stop  for  preventing  the  implement  horn  slipping  from  the 
user's  grasp.  The  head  has  been  sawn  off  square,  and  for  some  distance  down  the 
shaft  a  rectangular  section  has  been  maintained,  the  four  sides  near  the  top  averaging 
33  mm.  in  width.  The  head  shows  little  signs  of  wear  or  rough  usage,  and  as  there 
is  no  evidence  of  its  having  been  used  for  any  beating  purpose,  we  can  only  surmise 
that  the  object  was  intended  for  utilization  as  a  handle  for  a  saw  or  other  cutting 
implement.    Mound  71.  ' 

322.  Short  piece  of  antler  with  saw-marks  at  both  the  squared  ends;  max. 
length,  40  mm.;  max.  width,  41*6  mm.    Mound  71. 

323.  Complete  roe-deer  antler,  length  214  mm.  The  two  branching  tines  have 
been  worked  at  the  points,  and  at  their  junction  a  circular  perforation  (min.  diam. 
3*6  mm.)  has  been  neatly  cat.  Close  to  the  base  the  drilling  of  a  hole  has  been 
commenced  in  an  opposite  direction.    Mound  71. 

328.  Incomplete  object  of  antler,  very  smooth,  and  showing  signs  of  prolonged 
use.    Moand  81.  • 

329.  Portion  of  a  tine,  length  106  mm. ;  probably  a  cheek-piece  of  a  bridle-bit. 
It  has  a  perforation  within  an  inch  of  each  end,  both  interspaces  being  ornamented 
with  six  transverse,  incised,  parallel  lines,  which,  however,  occur  on  one  side  of  the 
object  only.    Mound  71. 

330.  Small  piece  of  burnt  antler.    Mound  71. 

331.  Portion  of  a  small  tine,  charred,  unomamented.  The  perforation,  if  one 
existed,  has  been  broken  away.  Similar  in  other  respects  to  H  303,  .304,  and  305, 
and  found  in  the  same  mound,  viz..  Mound  70. 

332.  Small  piece  of  smooth  antler.    Mound  72. 

333.  Large  piece  of  antler  of  red-deer,  with  portion  of  one  tine  prelecting.  The 
object  has  been  sawn  through  in  four  places.  Midway  between  the  *  spring '  of  the 
tine  1^4  its  square^  termUiation  a  depressed  ban4  has  been  ci^t  aUlroupd  to  the 
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extent  of  about  20  mm.  in  width,  the  outer  coating  of  the  tine  being  removed  to  a 
depth  varying  from  1  to  4  mm.  We  liave  been  unable  to  ascertain  for  what  purpose 
th&  large  implement  was  used.    Mound  72. 

334.  Augment  of  the  handle  of  a  weaving-oomb,  burnt  black.  Ornamented  with 
incised  oblique  lines,  forming  a  lozenge-shaped  interspace.    Mound  72. 

336.  Fragment  of  charred  antler  similar  to  H  296,  both  being  found  in  Moun4 
53;  H  335  in  1898. 

Iron,    (r.) 

89.  Small  fragment,  much  corroded.    Mound  70. 

90.  Mouthpiece  of  a  wooden  sword  or  dagger  sheath,  much  corroded;  lengthy 
60  mm.  The  sides  are  slightly  convex,  but  the  ends  are  expanded  into  bulbous  pro* 
Jections.  Mound  70. 

91.  Pointed  iron  object,  much  corroded ;  length,  55*5  mm.    Mound  70. 

92.  Four  pieces,  much  corroded,  probably  fragments  of  a  sickle  or  knife.  Mound. 
70. 

93.  Iron  adze  in  one  piece,  but  very  much  corroded,  the  socket  still  containing 
some  of  the  wooden  handle ;  length  about  6^  in.    Mound  71. 

94.  Portion  of  an  iron  bar  of  quadrangular  section ;  length,  5$  in. ;  width,  18  mm., 
tapering  to  14  mm. ;  thickness,  10  mm.^  tapering  to  7  mm.  Mound  71.  Its  purpose  ia 
undeterminable  owing  to  corrosion. 

Kimmeridffe  Shale,    (K.) 

29.  An  exceedingly  fine  armlet,  complete ;  ext.  diam.,  97  mm. ;  int.  diam.,  71*6  mm. 
The  lathe-marks  on  the  inside  are  well  defined,  whilst  the  exterior  face  is  ornamented 
by  three  deeply  cut,  continuous  parallel  grooves— an  excellent  example  of  the  MU  of 
the  lake-dwellers  in  using  the  lathe.  The  grooves  vaiy  a  little  in  width.  The  sub- 
stance of  the  armlet  is  of  oval  section,  and  varies  in  width  from  16*1  to  17*1  mm.^ 
and  in  thickness  from  11  to  12*7  mm.  Found  in  Mound  70.  This  is  the  most  im- 
portant and  best'worked  object  of  Kimmeridge-shale  that  has  been  found  in  the 
village. 

Lead  and  Tin.    (L.) 

12.  Tin  weight  of  Roman  type  and  in  the  form  of  a  cheese.  Found  outside 
the  palisading  of  the  village,  to  the  north  of  Mound  70, 1895.  Similar  to  those 
which  have  been  commonly  found  in  the  county  at  Charterhouse- on-Mendip,  many 
of  which  are  exhibited  in  Taunton  Castle  Museum. 

37.  Small  portion  of  a  tin  ring,  much  corroded.    Mound  69. 

38.  Piece  of  lead  ore.    Mound  71. 

Human  Banei.    (M.) 

15.  Complete  human  skull  (not  yet  examined).  Found  in  the  peat  near  the  W. 
edge  of  Mound  70,  1895. 

16.  Portion  of  skeleton  of  young  child.  Found  in  the  peat  near  the  N.  maigin  of 
Mound  69,  1895. 

17.  Part  of  a  child's  skull.    Found  near  the  last,  1895. 

36.  Piece  of  the  shaft  of  a  humerus.    Mound  70. 

37.  Portion  of  complete  skeleton  of  an  infant.    Mound  70. 

38.  Portion  of  an  infant's  skeleton.    Mound  70. 

39.  Portion  of  complete  skeleton  of  an  infant.    Mound  71. 

Animal  Banet.    (N.) 

Two  or  three  wheelbarrows-full  of  fragmentary  animal  remains  wore  collected 
from  the  1905  excavations.  Three  dog's-teeth  were  found  on  the  first  floor  of 
Mound  69. 

Pottery.    (P.) 

102.  Pot  of  an  unomamented  ware,  7^  in.  high,  with  a  bead  rim.  Mound  51, 
X894. 

108.  Part  of  a  pot.    Mound  61,  1894.  ^.^.^^^^^  ^^  GoOglc 
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132.  Portion  of  the  month  (est.  diam.  88  mm.)  of  a  IhmaH  vessel  of  thin,  hard, 
grey  pottery.  Found  on  the  sorfaoe  of  the  peat  outside  the  palisading,  near  ICound 
69,  1895. 

166.  A  few  fragments  of  thin  grey  Roman  pottery,  found  at  the  base  of  the 
■flood«-BoiV  Mound  69.  Both  these  Roman  *  finds*  and  the  leaden  weight  (L  22) 
represent  surface  objects  at  the  time  the  village  was  abandoned,  and  nothing  of 
lU>man  workmanship  has  yet  been  found  on  the  floors  of  any  of  t)ie  dwellings. 

167.  Fragment  of  rim  of  a  thick  pot  fractured  in  two  places  through  circular 
perforations.  There  is  no  evidence  whatever  that  the  holes  were  intended  for  the  re- 
ception of  leaden  rivets.    Mound  70. 

168.  Small  pot,  complete,  but  found  in  two  pieces ;  thick  and  hand-made,  with  a 
bottom  which  is  not  perfectly  flat.  Slightly  rounded  sides,  with  straight  rim. 
Height*  38*5  mm.;  max.  est.  diam.,  60  mm.  Rounded  bottom  on  the  inside. 
Mound  70.    A  somewhat  similar  small  pot  was  found  last  year  (P.  164). 

169.  Pot  in  fragments,  not  yet  restored ;  unomamented.    Mound  71. 

170.  Another,  ditto.    Mound  71. 

A  large  quantity  of  fragments  of  common  ware  was  found,  as  in  previous  years, 
but  the  proportional  number  of  decorated  fragments  to  those  with  no  ornamentation 
was  bdow  the  average  this  season,  as  was  aliK)  the  case  last  year.  There  was  again 
a  paucity  of  cnrrilinear  designs,  but  several  pieces  with  chevrons  were  found.  In 
close  proximity  to  the  com  found  in  Mound  70,  fragments  of  two  fairly  large  but 
shallow  bowls  were  found,  scattered  about  over  several  square  feet  of  ground. 
Neither  can  be  completely  restored. 

Qmms.    (Q.) 

42.  Lower  stone  of  a  well-tooled,  circular  quern  ;  diam.,  13  in.    Mound  69. 

43.  Rough  piece  of  a  quern.    Mound  80. 

44.  Rough  piece  of  a  lower  stone.    Mound  80. 

45.  Qpper  stone  of  quern  in  two  pieces,  showing  handle-hole  at  side.  Found  in 
trenching  S.W.  of  Mound  81. 

46.  Piece  of  an  upper  stone.    Found  in  trenching  S.  of  Mound  71. 

47.  Upper  stone  in  many  fragments.    Found  in  trenching  S.  of  Mound  71. 

SUme  Olgects.    (S.) 
(Other  than  Spindle  whorls  and  Querns.) 

40.  Whetstone  of  fine  sandstone,  with  pronounced  grooves  on  both  faces  and 
scorings  indicating  prolonged  use.    Mound  69. 

41.  Slab  of  stone  of  a  slaty  nature  with  flat  face  and  of  rectangular  transverse 
section;  max.  thickness,  13'3  mm.;  max.  length,  110  mm.;  max.  width,  78  mm.} 
with  rounded  and  bevelled  edges  at  top  and  bottom.  Found  in  four  pieces  (now 
joined)  pf  about  equal  size,  outside  the  S.  margin  of  Mound  80.  On  one  face  oblique 
incisions  occur,  as  if  it  had  been  used  for  sharpening  purposes ;  but  the  peculiarity 
of  the  object  is  that  it  has  been  roughly  scratched  with  irregular  squares,  covering 
both  faces,  in  chess-board  fashion.  Its  use  is  at  present  unknown,  and  although  it 
has  been  asserted  that  it  might  have  been  used  for  some  game,  the  '  squares  *  are 
so  irregular  and  indefinite  that  such  a  purpose  can  only  be  vaguely  surmised. 

SmaU  rounded  Pebbles, probably  * calouH'— One  from  Mound  70 ;  one,  Mound  71 ; 
one,  Mound  72  ;  one,  W.  of  Mound  80. 

WhetstoMtj  mottlff  having  slightly  convex  faces. — One  from  Mound  63 ;  seven. 
Mound  69 ;  five,  Mound  70 ;  six.  Mound  71 ;  one.  Mound  81. 

Other  Stone  Ol(feets.—8Ume  muller  of  somewhat  spherical  form.  Mound  71 ; 
another  of  plano-convex  section,  Mound  71 ;  ovoid  hammer-stone,  Mound  53 ;  smooth 
disc  of  sandstone,  max.  diam.  59  mm.,  Mound  71. 

Tusks,  4'o.    (T.) 

12.  Calcined  dog's-tooth,  fractured  through  a  perforation  measuring  3*9  mm.  in 
diam.    Mound  70. 

Spindlewkorls,    (W.) 

61.  Shale  spindlewhorl,  damaged  ;  max.  diam.,  44  mm. ;  diam.  of  hole,  6  7  mm. 
Mound  61, 1894.  ^.^  ,.^^^  ^^  GoOgk 
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166.  Sasdstotte  tlpmdleWhotl ;  diaoL,  41-6  mnL ;  min.  duuo.  of  hole,  t'5  BUHi 
Mound  53, 1904. 

167.  Small,  flat,  sandstone  spindlewhorl.    Mound  53,  1904.    (Figured  in  the 
•Proc.  Som.  Arch.  Soc.*,  voL  60,  pt.  2,  pi.  IX.) 

168.  Flat  white  lias  spindlewhorl,  fractured  and  repaired ;  dlam.,  41  mm. ;  min. 
diam.  of  hole,  5*4  mm.    Mound  69. 

169.  Disc  of  sandstone  measuring  44  hy  49  noun.,  with  incipient  hole  for  the 
purpose  of  making  a  spindlewhorl.    Mound  53. 

170.  Half  a  spindlewhorl  of  unbaked  day,  with  hole  6  mm.  in  diam.    Mound  80. 

171.  Baked-clay  spindlewhorl,  average  diam.  40  mm.  Very  convex  on  both  faces ; 
max.  thickness,  34  mm. ;  min.  diam.  of  bole,  4  mm.    Mound  70. 

172.  Disintegrated  sandstone  spindlewhorl ;  max.  diam.,  60  mm. ;  diam.  of  hole, 

6  mm.     Mound  70. 

173.  One- half  of  a  light  grey  sandstone  spindlewhorl ;  diam.,  426  mm. ;  min.  dianu 
of  hole,  6*5  mm.    Mound  71. 

174.  Thick  stone  spindlewhorl ;  diam.,  49  mm. ;  min.  diam.  of  hole,  8  mm. ;  thick- 
ness, 22*5  mm.    Mound  71. 

175.  Sandstone  spindlewhorl,  bi-convex,  but  flatter  on  one  face  than  on  the 
other ;  diam.,  44  mm. ;  min.  diam.  of  hole,  4*5  mm.     Mound  81. 

176.  White  lias  spindlewhorl  with  flat  faces ;  diam.,  40*2  mm. ;  min.  dlam.  of  hole, 

7  mm.    Mound  71. 

178.    Spindlewhorl  made  from  a  piece  of  thick  pottery  slightly  concavo-convex 
in  section ;  average  diam.,  44  mm. ;  diam.  of  hole,  6  mm.    Mound  81. 

MitceUaneouB, 

One  of  the  roughly-perforated  limpet-shells  found  in  the  village  was  dug  up 
this  season  in  Mound  71. 

Bed  colouring-nuktter  was  found  between  Mounds  51  and  53. 


Anthropological  Phoihgrwphs, — Interim  Report  of  the  Committee,  corir- 
sistiiig  of  Mr.  C.  H.  Eead  {Chairman),  Mr.  H.  S.  Kiwgsford 
(Secretary),  Dr.  J.  G.  Garson,  Mr.  H.  Ling  Both,  Mr.  H, 
Balfour,  Dr.  A.  C.  Haddon,  Mr.  E.  Sidney  Hartland,  Mr.  E. 
Heawood,  Profeaeor  Flinders  Petbie,  Mr.  E.  N.  Fallaize,  and 
Mr.  J.  L.  Myres,  appointed  for  the  Collection^  Preservationy  and 
Systematic  Registration  of  Photographs  of  Anthropohgiml  Interest. 

A  8BT  of  photographs  by  Mr.  D.  Randall-Maclver,  illustrating  the  pro- 
cesses of  pottery  manufacture  in  Upper  Egypt>  has  been  registered  by  the 
Committee. 

The  Committee  ask  to  be  reappointed  without  grant 


The  State  of  Solution  of  Proteids. — Third  Report  of  the  CommiUee, 
consisting  of  Professor  Halliburton  (Chairman),  Professor  Way- 
mouth  Reid  (Secretary),  amd  Professor  SchAfer.  (Drawn  up  by 
the  Secretary.) 

The  results  mentioned  in  the  last  report  have  been  published  in  exlenao 
in  the  *  Journal  of  Physiology/ vol.  xxxi.  pp.  438-63,  and  the  work  of 
the  past  winter  has  been  devoted  to  the  state  of  solution  of  Haemoglobin. 
This  native  proteid  presents  so  many  known  differences  from  those  already 
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the  subject  of  report  that  it  was  considered  necessary  to  investigate  its 
state  of  solution. 

At  the  outset  the  difficulty  of  preparing  solutions  of  crystals  not 
liable  to  pass  into  the  condition  of  Methsemoglobin  at. the« temperature  of 
the  osmotic  experiments  had  to  be  overcome,  and  the  work  was  here  much 
delayed  by  an  unfortunate  accident,  a  newly  built  *8til>  giving  water 
holding  traces  of  lead,  which  ruined  all  the  earlier  experiments. 

As  the  ratio  of  tiie  extinction  coefficients  of  the  solutions  in  two 
different  regions  of  the  spectrum  has  been  the  test  of  the  presence  of 
traces  of  Methsemoglobin,  and  as  no  experiments  have  been  accepted 
unless  the  value  of  this  ratio  agreed  with  that  given  by  Hiifner,  it  is 
believed  that  the  solutions  finally  used  were  free  of  this  modification,  and 
that  solutions  of  Haemoglobin  alone  were  used  for  observation  of  osmotic 
pressures. 

The  interesting  fact  was  soon  seen  that  gelatine,  though  impermeable 
to  the  other  native  proteids  used  in  the  previous  experiments,  is  perme-* 
able  slowly  to  Haemoglobin ;  and  since  the  ultra-microscope  showed 
no  more  in  solutions  of  Haemoglobin  than  in  distilled  water  (again  in 
marked  contrast  to  the  appearances  with  crystallised  ovalbumin  'solu- 
tions '),  it  was  considered  probable  that  osmotic  investigation  would  prove 
a  state  of  true  solution  for  Haemoglobin  crystals. 

When  a  parchment  membrane  was  substituted  for  the  gelatine  mem- 
brane  of  the  former  experiments,  it  was  found  that  solutions  of  crystals  of 
Haemoglobin  from  the  dog,  the  blood  corpuscles  of  which  had  been  thoroughly 
washed  to  remove  the  serum  proteids,  gave  remarkably  constant  osmotic 
pressures  in  relation  to  the  concentrations,  and  the  di^erent  values  with 
different  samples,  so  marked  in  the  cases  of  the  other  native  proteids, 
were  conspicuously  absent. 

The  conclusion  is  that  HiemQglobin  crystals  when  taken  up  in  water 
pass  into  a  state  of  true  solution. 

A  full  account  will  appear  shortly  in  the  'Journal  of  Physiology.' 


MeUiholism  of  the  Tissues.-^Bepat't  of  the  GoTmrnttee^  consisting  of 
Professor  GorcH  (Chairman),  Mr.  J.  Barcroft  {Secretary),  Sir 
Michael  Foster,  and  Professor  Starling. 

The  present  report  takes  up  the  work  which  has  been  done  under  the 
.auspicesof  the  Committee  since  the  report  of  1904  was  drafted.  That 
report  dealt  chiefly  with  the  metabolism  of  certain  secreting  glands, 
namely,  the  kidney  and  the  pancreas.  Respecting  both  these  glands 
work  of  importance  had  been  done  in  1903-4.  The  scope  of  that  work 
has  been  enlarged  in  1904-5. 

The  Kidney. — A  comparison  has  been  made  between  the  gaseous 
exchange  of  the  kidneys  and  the  amount  of  work  done  in  concentrating 
the  urine.  The  '  work  '  so  done  was  calculated  from  the  freezing-points 
of  the  blood  and  of  the  urine  by  Galeotti's  formula. 

It  usually  happens  that  the  work  of  concentration  increases  when  the 
volume  of  urine  increases,  although  the  urine  is  more  dilute,  but  this  is 
not  always  the  case.  The  following  experiment  will  show  that  the  con- 
sumption of  oxygen  does  not  bear  any  relation  to  the  work  performed  in 
cpncentrating  ^e  urine  ; —  d      d  b  < 
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Con^ariton  of  Gkues  in  Blood  from  Renal  Veins  and  Carotid  Artery  during 
periods  of  Rsst  and  Diuresis, 
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11. 


Ih.  63m. 


8h.  54m. 
Arterial     Venotu    Arterial     Venoas 


Oxygen,  per  cent.  . 
GO^  per  cent. 

O,  exchange  per  min. 

Urine  per  min. 

Work  per  min.,  calcu- 
lated from  freezing- 
points 


24-2 
600 
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0-9  CO. 
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4-9  CO. 
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Arterial     VenoaB 


22-2 
38-2 


17'6 
46-0 


1-3  c.c. 
2-3  CO. 
018  cc. 
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In  the  above  experiment  there  is  no  concentration  daring  a  very 
active  secretion  (so  far  as  the  relative  depression  of  the  freezing-points 
shows),  and  therefore  the  urine  maj  be  taken  as  a  simple  filtrate  in 
Ludwig's  sense  ;  but  its  secretion  is  accompanied  by  a  very  great  con- 
sumption of  oxygen  by  the  kidney.  The  amount  of  energy  which  is 
represented  by  Uie  oxygen  in  consumption  in  our  experiments  is  so  great, 
that  the  work  done  in  concentrating  the  urine  could  only  form  a  negligible 
portion  of  it. 

The  call  for  oxygen  depends  upon  the  degree  of  diuresis,  and  not  the 
rapidity  of  the  blood-flow.  In  many  experiments  the  diuresis  has  not 
been  accompanied  by  any  vascular  augmentation,  though  it  has  always 
been  accompanied  by  increased  oxygen  consumption. 

The  carbonic-acid  output  of  the  kidney  does  not  go  hand  in  hand 
with  the  oxygen  intake  at  any  given  moment,  nor  is  the  variation  in 
the  former  at  all  so  large  as  in  the  latter.  Over  a  large  number  of 
experiments,  however,  the  carbonic-acid  output  is  approximately  equal  to 
the  oxygen  intake.  Probably  the  want  of  apparent  harmony  between  the 
oxygen  absorbed  and  the  CO,  excreted  is  due  largely  to  the  solubility  of 
the  CO,  in  the  tissues  in  which  it  is  produced. 

The  Pancreas.^The  carbonic-acid  output  of  the  pancreas  has  claimed 
the  Attention  of  the  Committee.  A  considerable  number  of  experiments 
have  been  performed  upon  the  resting  pancreas.  Theee  may  be  divided 
into*  two  classes  : — 

1st  Class.  In  which  the  carbonic  acid  produced  is  approximately  equal 
to  the  oxygen  taken  in. 

2nd  Class.  In  which  there  is  a  negligible  CO,  production,  with  a 
normal  oxygen  intake. 

The  2nd  class  might  be  explained  either  by  the  supposition  that  only 
penultimate  products  are  formed,  or  that  the  pancreas  was  consuming  its 
own  CO,  in  the  formation  of  alkali  to  be  subsequently  secreted.  The 
latter  view  seems  the  most  probable  on  account  of  the  following  considera- 
tions :  (a)  The  gland  is  taking  up  an  ample  supply  of  oxygen,  hence  there 
is  no  reason  why  oxidation  should  be  incomplete.  (6)  As  much  as 
300  volumes  per  cent,  of  carbonic  acid  can  be  pumped  from  acidulated 
pancreatic  juice  ^eimultaneous  titration  shows  that  the  alkali  is  present 
chiefly  as  sodium  bicarbonate,  but  partly  as  sodium  carbonate). 

The  observations  of  1904  indicating  that  flow  of  pancreatic  juice  is 
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&ccGihpllDied  by  an  increased  consumption  of  oxygen,  have  been  confirmed 
except  in  one  case,  when  the  arterial  pressure,  and  <^onsequently  the  blood- 
flow  through  the  gland,  was  greatly  reduced.  In  this  case  the  blood  in 
the  pancreatic  vein  was  extreitiely  venous,  but  not  entirely  deoxidised. 
The  question  is  therefore  raised  whether  the  blood  gives  up  its  last  traced 
of  oxygen  to  the  tissues  as  readily  as  it  gives  the  rest  ? 

The  Submaocillary  Gland, — Researches  have  been  performed  with  the 
object  of  discovering  the  exact  influence  of  the  cervical  sympathetic  nerve 
upon  the  gland.     The  following  facts  have  been  ascertained  : — 

(1)  That  stimulation  of  the  cervical  sympathetic  causes  no  increase  oE 
oxygen  taken  up  by  the  gland. 

(2)  That  stimulation  of  the  cervical  sympathetic  causes  no  water  to  be 
taken  from  the  blood  except  as  an  after  eflect. 

(3)  That  stimulation  of  the  cervical  sympathetic  leads  to  a  diminished 
output  of  COg  from  the  gland  to  the  blood,  and  sometimes  even  to  a 
slight  transference  of  CO,  from  the  blood  to  the  gland. 

(4)  That  when  the  cervical  sympathetic  and  chorda  tympani  are  stimu- 
lated together  on  the  one  hand,  or  the  chorda  alone  on  the  other,  with 
such  a  strength  of  stimulus  that  the  flow  of  saliva  in  the  blood-flow  is 
approximately  the  same  in  each  case,  the  following  results  are  obtained 
for  the  relative  properties  of  the  two  specimens  of  saliva  i — 


Stimulation  of  Chorda 

Stimulation  of  Chorda 

an4  Sympathotio 

only 

Saliva  volamo  .        .       •        . 

Equal 

Equal 

CO,  output  to  blood  .        , 

Less 

Greater 

COj  output  to  saliva .        . 

Greater 

Less 

Total  CO,  output 

About  equal 

About  equal 

Fixed  C0«  in  saliva  . 

Greater 

Less 

Alkalinity  of  saliva  . 

Greater 

Less 

Oxygen  intake  from  blood 

About  equal 

About  equal 

It  appears  that  the  sympathetic  is  not  either  '  secretory '  (since  ita 
stimulation  does  not  involve  the  abstraction  of  water  from  the  blood)  ot 
*  trophic '  (since  its  stimulation  does  not  involve  increased  gaseous  meta- 
bolism) in  Heidenhain's  sense.  At  the  same  time  it  has  an  action 
(independent  of  vascular  efiects)  which  causes  material  to  be  expelled 
from  the  cells,  not  the  ducts  merely,  and  a  transference  of  alkali  from  the 
blood  to  the  saliva.  This  greater  alkalinity  probably  accounts  for  the 
greater  pereentage  of  organic  matter  in  the  saliva. 

Glands  genera^lly, — In  so  far  as  the  above  specimens  may  be  taken  as 
characteristic  of  secreting  glands  generally,  the  outstanding  fact  seems  to 
be  established  that  the  volume  of  the  secretion  (t.e.,  the  amount  of  water 
which  is  transferred  from  one  side  of  the  epithelium  to  the  other)  is  the 
surest  index  of  the  degree  of  oxidation  taking  place  in  the  gland,  and  it  is 
diflicult  to  avoid  the  conclusion  that  there  is  a  causal  connection  between 
the  two  phenomena. 

Technique, — Certain  modifications  in  technique  have  been  introduced 
as  occasion  has  arisen. 

The  Hirudin  of  Jacobi  ^  has  proved  a  most  useful  reagent  for  blood-gali 
work.     In  experiments  upon  th^  pancreas  it  has  been  introduced,  and  its 

*  Obtained  from  E.  SachsEe  &  Co.,  Leip8ig-R.ed  by  LjOOQIC 
1905.  Q 
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U8e  has  saved  the  physiological  errors  introduced  hy  deBbrination  of  the 
blood  of  the  animal,  whilst  for  blood-gas  analysis  it  has  proved  entirely 
reliable. 

It  has  been  found  possible  to  get  a  satisfactory  record  of  the  blood- 
flow  through  an  organ  in  two  ways  : — 

(a)  By  causing  blood  to  flow  along  a  recurrent  vessel  into  a  tube  con- 
nected with  a  bellows  recorder,  and  subsequently  returning  the  blood  to 
the  vein  from  which  it  came. 

(b)  By  momentarily  obstructing  the  flow  through  the  vein  when  tJbe 
organ  is  in  a  plethysmograph. 

A  modification  of  Bohr's  blood-gas  receiver  ^  has  been  introduced  with 
a  double-surface  condenser,  pa^^ked  with  a  freezing  mixture.  This  form 
of  receiver  has  proved  very  satisfactory. 


Botanical  Flwtograiihs, — Rejwrt  of  the  Committee^  consisting  of  Pro- 
fessor L.  C.  MiALL  (Cftain?wi?i),  Professor  F.  B.  Weiss  {Secretfvnj), 
Mr.  pKANCts  Darwin,  Mr.  W.  G.  Smith,  ami  Mr.  A.  G.  Tanslky, 
for  the  Registration  of  Negatives  of  Fhotograijhs  of  BotardcaJ, 
Interest. 

FoRTV  photographs  have  been  added  to  the  register  since  the  last  meet- 
ing. They  have  been  received  from  various  persons,  but  we  would  men- 
tion in  particular  a  series  of  photographs  by  Mr.  R.  Welch  illustrating 
the  coast  flora  of  Ireland,  and  a  number  of  photographs  by  Professor 
Yapp,  of  Aberystwyth,  Dlustrating  some  aspects, of  the  vegetation  of  the 
Malay  Peninsula. 

A  printed  list  has  been  prepared  of  the  photographs  so  far  contributed 
to  the  register,  and  this  will  be  ready  for  circulation  in  July. 

The  recently  established  Committee  for  the  Botanical  Survey  of  Great 
Britain  contemplates  the  establishment  of  a  collection  of  botanical  photo- 
graphs of  British  vegetation,  and  it  is  hoped  that  that  committee  will 
collaborate  with  the  Committee  of  the  British  Association  by  taking  over 
the  work  of  collecting  and  arranging  photograplis  relating  to  British 
vegetation. 

Of  the  grant  of  5^.  ro'ide  to  the  Committee  3Z.  \ls,  has  been  spent  on 
printing  the  register,  as  decided  upon  last  year. 


JExpeHmerUal  Stvdies  in  the  Physiology  of  Heredity. — Secoml  Report 
of  the  Committee^  consisting  of  Professor  H.  Marshall  Ward 
(Ghaimum),  Mr.  A.  0.  Seward  (Secretary)^  Professor  J.  B. 
Farmer,  avdDr,  D.  Sharp. 

Report  to  the  Cotnmittee  by  W.  JBateson,  M,A.,  F.R.S, 

Experiments  on  heredity  in  plants  and  animals  have   been  continued 
throughout  the  year. 

In  Primula  sinensis  the  inheritance  of  the  three  types  of  flower,  long- 
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styled,  short-styled,  and  equal-styled,  has  been  worked  out,  and  some 
facts  of  importance  have  been  ascertained. 

The  experiments  of  the  present  year  have  much  elucidated  the 
peculiar  phenomena  seen  in  the  case  of  the  '  walnut '  combs  of  fowls,  and 
we  anticipate  that  this  part  of  the  work  will  shortly  be  finished.  Progress 
has  also  been  made  with  the  subject  of  colour-inheritance  in  fowls,  and 
some  new  lines  of  experiment  have  been  started. 

The  colour  phenomena  following  reversion  in  sweet  peas,  hitherto 
very  complex,  have  been  a  good  deal  simplified  by  this  years  results.  It 
is  likely  that  another  season's  work  will  make  it  possible  to  provide  a 
fairly  complete  scheme  of  inheritance  in  this  case. 

In  May,  1905,  a  Report  to  the  Evolution  Committee  of  the  Royal 
Society  was  published,  dealing  with  the  work  up  to  the  end  of  1903  in 
detail,  and  giving  incidentally  conclusions  derived  from  the  work  of 
1904.  A  Report  up  to  the  end  of  the  1905  season  will  be  prepared  next 
winter. 

Several  fresh  inquiries  have  been  begun.  Of  these  the  chief  relate  to 
the  inheritance  of  sex  in  Lychnis,  and  of  the  direction  of  the  spirals, 
right  or  left,  in  the  fruits  of  Medicago, 


The  Structure  of  Fossil  Plants. — Interim  Report  of  the  Committee^  con- 
sistin^g  of  Dr.  D.  H.  ScoTT  (Chairman)y  Professor  F.  W.  Oliver 
{Secretary)^  and  Messrs.  A.  C.  Seward  and  E.  Newell  Arber. 

All  the  money  expended  (33/.  18«.  3c?.)  has  been  devoted  to  the  purchase 
of  sections  of  Coal-measure  plants,  largely  from  the  new  locality  at  Shore- 
Littleborough,  Lanes,  recently  opened  up  to  scientific  investigation  by 
Mr.  Sutcliffe. 

The  specimens  obtained  fall  under  three  heads  : — 

For  Mr.  Arber,  about  fifty  sections  of  a  new  ribbed  SigUlaria, 

For  Professor  F.  W.  Oliver,  fifty-xiine  sections  of  Pteridospermous 

seeds,  mainly  Lagenostoina  physoides. 

For  Professor  F.  E.  Weiss,  forty-one  sections  of  Stigmariay  including 

a  new  species. 

Tlie  sections  are  now  in  the  hands  of  these  three  gentlemen  for 
purposes  of  investigation. 

We  hope  to  embody  some  account  of  the  scientific  results  attained  in 
our  final  report. 

The  work  will  be  carried  on  during  the  coming  year,  and  the  Com- 
mittee desire  to  be  reappointed,  and  also  to  apply  for  leave  to  retain  the 
balance  of  16/.  Is.  9d.  uow  in  the  hands  of  the  Chairman. 

They  farther  wish  to  apply  for  an  additional  grant  of  201.  for  the 
pursuit  of  the  investigation,  and  recommend  that  Professor  F.  E.  Weiss 
be  added  to  the  Committee. 
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The  Training  of  TecLchers, — Interim  Report  of  the  Committee,  consist' 
ing  of  the  Bishop  of  Hereford  (Chairman),  Mr.  J.  L.  Holland 
(Secretary),  Professor  H.  E.  Armstrong,  Mr.  Oscar  Browning, 
Miss  A.  J.  Cooper,  Mr.  Ernest  Gray,  and  Dr.  H.  B.  Gray. 

Tub  Committee  recognise  that  the  problem  of  the  training  of  teachers  is  at 
least  as  pressing  in  Soath  Africa  as  it  is  in  England  at  the  present  time  ; 
but  local  conditions  are  entirely  different,  and  a  Report  prepared  from  the 
standpoint  of  English  education  would  be  of  little  assistance  to  South 
African  administrators  and  teachers  in  the  solution  of  their  own  par- 
ticular training  problem.  Moreover,  the  time  at  the  disposal  of  the 
Section  for  the  discussion  of  Reports  will  be  exceedingly  short,  and  no 
adequate  discussion  will  be  possible.  Under  these  circumstances,  there- 
fore, your  Committee  propose  to  make  their  formal  Report  at  the  York 
Meeting  of  the  Association  next  year,  and  in  order  that  they  may  be  able 
to  do  so  they  respectfully  request  the  Council  of  the  Association  to 
reappoint  them  for  a  further  year. 


0)1  the  Origin  and  Progress  of  Geodetic  Survey  in  South  Africa,  and 
of  the  African  Arc  of  Meridian.  By  Sir  David  Gill,  K,C.B,j 
FJIS. 

[Ordered  by  the  General  Committee  to  be  printed  in  extento.'] 

[Plates  IL  and  III.] 

The  first  geodetic  operation  in  the  southern  hemisphere  was  that  of 
the  Abb^  de  la  Caille,  who,  in  1752,  measured  an  arc  of  the  meridian 
P  13'  17"  in  length. 

The  result  was  anomalous,  as  apparently  showing,  by  comparison 
with  arcs  measured  in  the  northern  hemisphere,  that  in  the  southern 
hemisphere  the  earth's  polar  radius  is  greater  than  its  equatorial  radius. 

Improbable  as  this  result  appeared,  La  Caille's  reputation  for  accuracy 
stood  so  high  that  a  deBnitive  settlement  of  the  question  was  necessary. 

The  work  of  revision  was  undertaken  by  Mr.  (afterwards  Sir  Thomas) 
Maclear,  His  Majesty's  Astronomer  at  the  Capo.  After  spending  much 
labour  in  satisfactorily  identifying  La  Caille's  points  of  observation, 
Maclear  connected  them  by  a  chain  of  triangulation  which  he  extended 
southward  to  Capa  Point  and  northward  to  Koeberg  and  Vogel  Klip, 
including  La  Caille's  four  principal  points. 

He  could  not  identify  the  terminal  points  of  La  Caille's  base,  but  he 
measured  a  new  base-linp,  8*1  miles  in  length,  nearly  in  the  site  of  La  Caille's 
base,  and  connected  it  with  the  points  of  his  own  and  La  Caille's  triangu- 
lation. The  measurement  of  the  base  was  begun  on  October  30,  1840,. 
and  with  continuous  work  it  was  completed  on  April  3,  1841.  The 
measurement  of  the  angles  of  the  triangulation  was  begun  in  October, 
1841,  and  the  field-work,  including  the  astronomical  observations,  was 
completed  in  March,  1848. 

A  full  account  of  the  work,  edited  by  Sir  George  Airy,  was  published 
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ih  two  volumes,  by  order  of  the  Lords  Commissioners  of  the  Adtaniralty, 
ill  1866.  Maclear's  arc  has  an  astronomical  amplitude  of  4^  37'  in 
latitude,  and  proves,  within  moderately  narrow  limits,  that  the  form  of 
the  earth  in  the  southern  hemisphere  is  similar  to  that  in  the  northern 
hemisphere. 

The  astronomical  amplitude  of  La  Caille's  arc  proved  to  be  very 
nearly  correct,  but  a  large  local  disturbance  of  the  direction  of  gravity  at 
La  Caille's  northern  station,  amounting  to  more  than  8"  of  ai*c,  accounted 
for  the  greater  part  of  the  apparent  error  of  his  work. 

Nothing  in  the  way  of  further  systematic  accurate  triangulation  was 
done  in  South  Africa  till  1859,  when  a  triangulation  of  the  southern 
coast  of  Cape  Colony  and  British  Kaffraria  was  set  on  foot,  the  Colonial 
Government  being  urged  thereto  by  the  demands  of  the  Admiralty  for  the 
accurate  determination  of  points  on  the  coast-line  in  connection  with  the 
hydrographic  survey  which  they  were  about  to  undertake,  in  order  to 
correct  the  then  very  inaccurate  and  defective  state  of  the  charts  of  the 
coast.  It  was  evident  also  that  such  a  survey  would  furnish  means  of 
better  connecting  the  detached  property  surveys  through  that  part  of  the 
Colony.  The  work  was  entrusted  to  Captain  Bailey,  R.E.,  aided  by  one 
sergeant  and  thirteen  rank-and-file  of  the  Royal  Engineers,  five  of  whom 
were  selected  from  the  Ordnance  Survey  of  England.  The  cost  of  the 
work  was  borne  by  the  Colony  ;  it  was  begun  in  1859  and  concluded  in 
1862.  The  party  embarked  at  Algoa  Bay  in  the  '  Waldensian,'  en  route 
for  England.  The  vessel  struck  upon  the  rocks  off  Strays  Point  and 
became  a  total  wreck.  On'  board  were  the  instruments,  drawings, 
original  observation  books,  with  full  abstracts,  calculation  books  of  every 
kind,  all  complete  in  every  respect.  They  were  all  lost,  and  have  never  been 
recovered.  Fortunately,  copies  of  '  abstracts  of  angles  '  had  been  supplied 
to  the  Admiralty  Surveyor  engaged  on  the  Coast  Survey,  other  abstracts 
of  angles  with  a  diagram  to  the  Surveyor-General  in  Cape  Town,  and  from 
these  and  sundry  copies  sent  to  the  Government  of  British  Kaffraria  and 
to  private  individuals  an  account  of  the  work  was  compiled  by  Captain 
Bailey,  and  printed  in  a  report  presented  to  the  Cape  Parliament  in 
1863. 

Soon  after  appointment  to  my  present  position  at  the  Cape  in  1879 
I  began  to  study  the  general  question  of  the  geodetic  survey  of  South 
Africa.  The  traditions  of  my  office  appeared  not  only  to  justify,  but  to 
demand,  that  some  portion  of  my  time  and  attention  should  be  devoted  to 
this  work.  Sir  Bartle  Frere  was  then  Governor  of  the  Cape  Colony  and 
High  Commissioner  for  South  Africa. 

From  his  experience  of  administration  in  India  His  EzceUency 
thoroughly  realised  the  advantages  and  the  necessity  for  accurate  survey, 
and  the  true  economy  of  basing  all  future  surveys  upon  a  principal  tri- 
angulation of  such  accuracy  that  its  results  might  be  considered  definitive 
for  all  future  time,  and  he  gave  mj  recommendations  his  strongest  sup- 
port. 

These  recommendations  embraced  a  plan  for  a  gridiron  system  of 
chains  of  principal  triangulation  extending  over  Cape  Colony,  the  Orange 
Free  State,  Natal,  and  the  Transvaal. 

The  politici^l  and  financial  situation  in  the  Cape  Colony  at  the  time 
rendered  it  difficult  for  Ministers  to  take  action  during  the  session  of 
1880.  But  soon  afterwards  I  had,  through  Sir  Bartle  Frere's  kindness, 
the  opportunity  of  meeting  Sir  George  Pomeroy  CoUey,  whep  Hjs  Excellency 
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pasBed  through  Cape  Town  on  his  way  to  resume  his  governorship  of  Natal. 
In  October  1880  I  visited  Natal  as  the  guest  of  Commodore  (now  Admiral 
of  the  Fleet)  Sir  Frederick  Richards,  on  his  flagship,  H.M.S.  '  Boadicea,'  in 
order  to  make  preliminary  experiments  connected  with  the  telegraphic 
connection  of  the  longitudes  of  Aden  and  the  Cape  of  Good  Hope,  and 
to  further  discuss  with  Sir  George  Colley  the  steps  which  should  be  taken 
in  connection  with  the  proposed  survey.  The  result  was  that  Sir  George 
Colley  took  immediate  steps  to  forward  the  project  by  addressing  a 
message  to  the  Legislative  Council  proposing  to  place  a  sum  of  2,000Z.  on 
the  estimates  of  1881  for  the  initial  expenses  of  the  proposed  operations, 
^  the  expenditure  to  be  contingent  on  the  Cape  Government  undertaking 
to  join  in  the  proposed  survey  and  bear  its  share  of  the  general  expenses 
connected  with  it.'  One  of  the  last  documents  addressed  by  Sir  George 
Colley  to  the  Legislative  Council  was  a  message  of  thanks  for  their  reply 
to  the  above  proposal ;  this  message  was  dated  December  21,  1880.  A 
few  days  afterwards  Sir  George  Colley  lef c  his  seat  of  Government,  never, 
alas  !  to  return. 

But  it  was  not  until  I  again  visited  Natal  in  August  1881,  in  connec- 
tion with  the  Cape- Aden  longitude  operations,  then  in  progress,  that 
further  advance  was  made.  I  took  advantage  of  the  opportunity  to  re- 
open  the  survey  question,  with  the  result  that  Colonel  Mitchell  (after- 
wards Sir  Charles  Mitchell,  G.C.M.G.),  who  was  then  administering  the 
Government  of  the  Colony  of  Natal,  decided  to  write  to  the  Secretary  of 
State,  asking  that  the  War  Office  might  be  applied  to  for  the  services  of  a 
captain  and  subaltern  of  Royal  Engineers,  with  a  party  of  non-commissioned 
officers  and  men,  to  begin  the  survey,  and  I  was  requested  to  prepare  the 
specifications  for  the  necessary  instruments.  Finally,  in  January  1883  I 
succeeded  in  arranging  an  agreement  between  the  Governments  of  the 
Cape  Colony  and  Natal  to  undertake  the  principal  triangulation  of  both 
colonies  as  a  joint  work. 

A  detachment  of  Royal  Engineers,  consisting  of  Captain  Morris,  R.E. 
(now  Colonel  Morris,  C.B.),  Lieutenant  (now  Lieutenant-Colonel)  Laffan, 
R.E.,  and  fourteen  non-commissioned  officers  and  men,  finally  reached 
Durban  in  June  1883,  and  work  was  at  once  commenced  by  selecting, 
laying  out,  and  measuring  the  base  line  in  Natal.  The  field-work  of  the 
geodetic  survey  of  the  Cape  Colony  and  Natal  was  completed  in  October 
1892,  and  the  results,  including  a  rediscussion  of  Maclear's  triangulation, 
were  published  and  presented  to  the  Cape  Parliament  in  1896.  The  com- 
pletion of  this  work  enabled  me  to  carry  out  a  complete  re-reduction  of 
Bailey's  survey,  as  a  complete  chain  of  Bailey's  best  triangles  was  included 
in  the  work  of  the  geodetic  survey.  Many  errors  in  Bailey's  published 
work  were  detedted,  and  the  whole  was  reduced  to  systematic  agreement 
with  the  geodetic  survey.  The  results  form  vol.  ii.  of  the  *  Geodetic 
Survey,'  which  was  published  in  1901. 

The  details  of  both  works  will  be  referred  to  later  on.  The  main 
object  to  be  kept  in  view  was  how  to  extend  these  ^operations  in  such  a 
way  as  best  to  increase  their  geodetic  value.  In  vol.  i.  of  the  '  Geodetic 
Survey '  just  mentioned  (p.  157)  I  wrote  on  this  point  as  follows  : — 
'  Looking  forward  to  the  practical  and  possible  progress  of  geodesy,  the 
question  may  be  asked,  Shotdd  not  tihe  progress  made  in  geodetic  survey 
in  South  Africa  he  regarded  as  the  first  step  in  a  chain  of  triangulation 
which,  approximately  traversing  the  tfiirtieth  meridian  of  east  longitude, 
shall  extend  coniinuausly  to  the  inouth  of  t?ie  NUe  f '     digitized  by  Gc 


ORIGIN   AND  PROGRESS   OF  GEODETIC  SURVEY  IN  SOUTH  AFRICA.        23t 

On  the  immense  importance  of  the  proposed  work  as  a  geodetic  opera* 
tion  it  is  unnecessary  to  dwell ;  the  measurement  of  an  arc  of  meridian 
65^  in  amplitude  would  be  a  gain  to  geodesy  so  vastly  important  as  alone 
to  justify  its  inception. 

But  this  is  not  all.  By  an  additional  chain  of  triangles  from  Egypt 
along  the  coast  of  the  Levant  and  through  the  islands  of  Greece  the 
A^frican  arc  might  be  connected  with  the  Roumanian  and  Russian  arc, 
so  as  to  form  a  continuous  chain  of  105  degrees  in  amplitude,  extending 
from  Cape  Agulhas  to  the  North  Cape — the  longest  arc  of  meridian 
measurable  in  the  world. 

This  object  T  have  ever  since  constantly  kept  in  view,  and  I  have  lost 
no  opportunity  of  forwarding  it. 

Meanwhile,  during  the  later  stages  of  the  field-work  in  Gape  Colony 
and  Natal,  questions  connected  with  the  delimitation  of  the  boundary 
between  British  and  German  territory  in  S.W.  Africa  had  sprung  up. 
That  boundary  is  the  subject  of  an  agreement  between  the  Governments 
concerned  which  was  signed  at  Berlin  in  July  1890.  It  is  defined  to  the 
south  by  a  line  commencing  at  the  mouth  of  the  Orange  River,  and 
ascending  the  north  bank  of  that  river  to  the  point  of  its  intersection  by 
the  20th  degree  of  east  longitude,  and,  running  then  northwards  along 
the  meridian  to  the  point  of  its  intersection  by  the  parallel  of  20^  south 
latitude,  then  eastward  along  that  parallel  to  the  point  of  its  intersection 
by  the  2l8t  degree  of  east  longitude,  and  thence  northwards  to  the  point 
of  its  intersection  by  the  parallel  of  18^  south  latitude. 

Mr.  Bosman  had  executed  a  chain  of  triangles  from  the  neighbourhood 
of  Vryburg  westwards  to  the  20th  meridian.  This  chain  rested  on  a  base 
line  measured  by  Major  Laffan,  of  which  he  also  determined  the  orienta^ 
tion  and  the  latitude  and  longitude  of  one  of  its  extremities  by  astronomical 
observations,  exchanging  telegraphic  signals  for  the  latter  purpose  with 
the  Cape  Observatory.  It  should  be  mentioned  to  Mr.  Bosman's  credit 
that,  although  his  work  was  paid  for  by  the  Bechuanaland  Government  at 
the  tariff  rates  of  secondary  survey,  Mr.  Bosman  made  it  his  ambition  to 
render  the  work  fit  for  incorporation  as  an  integral  part  of  the  geodetic 
survey.  He  procured  a  1 0-inch  theodolite  at  his  private  cost,  and  came 
to  the  Observatory  for  practical  astronomical  training,  and  he  made  a 
rigorous  least  square  solution  of  the  complex  figures  of  which  some  parts 
of  the  chain  were  composed. 

The  work  of  Bosman  and  Lafian  practically  settled  the  position  of  the 
20th  meridian  in  the  neighbourhood  of  the  Orange  River,  and  as  far 
northwards  as  Reitfontein  ;  bat  administrative  difficulties  soon  arose 
further  northwards,  where  there  appeared  to  be  an  uncertainty  of  18  or 
20  miles  as  to  the  true  position  of  the  20th  meridian. 

A  temporary  settlement  of  outstanding  difficulties  was  made  by  Ger- 
many agreeing  to  withdraw  from  certain  points  near  the  boundary  in 
dispute,  and  Great  Britain  undertaking  that  Bosman's  triangulation 
should  be  extended  northwards  to  the  22nd  degree  of  south  latitude. 

Matters  were  in  this  state  of  friendly  suspense  when  I  visited  England 
in  1896,  and  was  consulted  by  the  Colonial  Office  as  to  the  means  necessary 
to  carry  this  promise  into  effect. 

I  then  pointed  out  that  from  Reitfontein  (the  northern  point  of 
Mr.  Bosman's  survey)  the  20th  meridian  crossed  the  Kalihari  Desert,  a 
country  so  fiat  and  waterless  that  it  would  be  difficult,  if  not  impossible, 
tq  triangulate  it.     If,  therefore,  the  triangulation  had  to  be  extended 
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nprthwards,  it  would  have  to  be  carried  through  German  South-West 
Africa,  and  it  was  unreasonable  to  expect  that  a  work  which  would  thus 
be  of  such  advantage  for  the  survey  of  German  territory  should  be  carried 
out  entirely  at  British  expense.  I  was  accordingly  instructed  to  proceed 
to  Berlin  to  represent  these  views,  and  endeavour  to  come  to  some  pro- 
visional agreement  with  the  Foreign  Office  there  on  the  lines  above 
indicated. 

The  result  of  that  mission  was  a  joint  proposal  that  Bosman's 
triangulation  should  be  connected  at  both  ite  eastern  and  western  extremi- 
ties with  the  geodetic  survey  of  Cape  Colony  and  continued  northwards 
to  the  22nd  parallel  of  south  latitude,  thence  along  that  parallel  to  the 
21st  degree  of  east  longitude,  and  for  a  short  distance  northwards  along 
the  latter  meridian.  The  cost  of  the  survey  north  of  lleitfontein  to  be 
equally  divided  between  the  Governments  concerned. 

Major  (afterwards  Lieut'^Colonel)  LaflTan,  B.E.,  was  appointed  English 
Commissioner,  and  Lieutenant  Wettstein  German  Commissioner,  and  the 
direction  of  the  work  was  placed  in  my  hands  by  both  Governments 
concerned. 

Lieutenant  Wettstein  at  a  later  Etage  of  the  work  was  replaced  by 
lieutenant  Doering. 

The  Commission  assembled  at  Reitfontein,  Gordon ia,  in  November 
1898.  The  Commissioners  encountered  the  greatest  obstacles  in  their 
work  on  account  of  the  difficult  and  waterless  character  of  the  country — 
in  fact  some  of  the  trig,  points  were  forty  miles  distant  from  the  nearest 
water  supply ;  in  other  places  much  time  and  labour  were  required  to 
clear  trees  and  scrub,  and  the  work  was  not  brought  to  a  close  till 
October  1903. 

Meanwhile  Mr.  Alston  was  employed  by  the  Government  of  Cape 
Colony  in  connecting  the  eastern  and  western  extremities  of  Bosman's 
triangulation  with  the  geodetic  circuit  in  Cape  Colony.  This  work  was 
completed  in  1900. 

Meanwhile,  also  in  1894, 1  urged  on  the  late  Cecil  Rhodes  the  great 
scientific  and  practical  value  of  commencing  geodetic  work  in  Rhodesia, 
and  of  the  possibility  of  that  work  becoming  part  of  the  greatest  arc  of 
meridian  in  the  world.  Such  an  arc  would  also  form  a  basis  for  the 
co-ordination  of  all  detached  surveys  through  a  most  important  and  still 
unsurveyed  part  of  Africa,  and  be  a  fit  precursor  of  his  great  scheme  for 
a  Cane  to  Cairo  railway. 

Mr.  Rhodes  was  very  sympathetic,  but  declared  that  Rhodesia  was 
in  the  first  place  in  need  of  roads,  bridges,  and  other  essential  works ; 
that  he  felt  its  resources  must  first  be  directed  to  these  objects,  but  in  the 
course  of  two  or  three  years  he  hoped  to  set  the  work  on  foot.  When, 
later  (in  1897),  Earl  Grey  as  Administrator  of  Rhodesia,  on  my  strong 
representation,  sanctioned  the  commencement  of  the  work,  Mr.  Rhodes 
not  only  took  a  deep  interest  in  it,  but  when  it  had  nearly  reached  the 
Zambesi  he  promised  that  funds  would  be  provided  to  carry  it  to  Lake 
Tanganyika.  The  field-work  in  Southern  Rhodesia  was  carried  out  under 
Mr.  Alex.  Simms,  formerly  a  computer  at  the  Cape  Observatory,  who  had 
there  qualified  as  a  surveyor,  and  who  is  now  in  charge  of  one  of  the 
field-parties  engaged  in  the  geodetic  survey  of  the  Transvaal  and  Orange 
River  Colony.  Time  does  not  permit  a  description  of  the  many  difficulties 
encountered  in  the  work  on  account  of  rains,  smoke  of  grass  fires,  &c.j 
which  left  only  a  few  months  available  in  each  year  for  field-work*        t 

.  •  ,       ogle 


Britiih  Aixoffiation,  75t} 


10 


12 


14 


16 


Angol/.( 


l\       1 

Digitized  by 


Google 


Plate  II. 


'^ 


Google 


ORIGIN  AND  PROGRESS   OF  GEODETIC  SURVEY  IN  SOUTH  AFRICA.       233 

The  work  was  suspended  during  1902  on  account  of  the  war,  and 
recommenced  in  1903.  I  selected  Dr.  Tryggve  Rubin  as  officer  in  charge 
of  the  work  in  Northern  Rhodesia.  He  had  been  a  member  of  the 
Swedish -Russian  expedition  for  measurement  of  the  Spitzbergen  arc  of 
meridian  in  the  summer  of  1901,  and  was  leader  of  the  expedition  which 
oompleted  that  work  in  1902.  After  residence  for  three  weeks  at  the 
Cape  Observatory  he  sailed  for  Clunde  on  April  29,  1903.  He  was 
joined  by  Mr.  Tyrrell  McCaw  as  chief  assistant,  who  sailed  from  the  Capo 
for  Chinde  on  October  5  of  the  same  year.  There  remained  several 
points  requiring  occupation  south  of  the  Zambesi,  and  some  others  had  to 
be  re-selected,  as  further  reconnaissance  had  shown  them  to  be  unsuitable 
for  the  northward  extension.  Dr.  Rubin  found,  as  Mr.  Simms  had 
found,  extraordinary  difficulties  presented  by  haze,  smoke,  and  heavy 
rains,  and  much  of  the  first  year  was  occupied  with  work  connected  with 
the  Anglo-Portuguese  boundary.  Dr.  Rubin's  last  report  brings  his 
statement  of  its  progress  up  to  April  1 905. 

In  July  1902,  during  a  visit  to  Lord  Milner,  then  Governor  of  the 
Transvaal  and  Orange  River  Colony  and  High  Commissioner  for  South 
Africa,  I  submitted  plans  and  proposals  for  an  ordnance  survey  of  these 
Colonies.  The  original  desire  of  Lord  Milner  was  to  have  the  topography 
of  the  country  carried  on  pari  passu  with  the  principal  triangulation,  or, 
rather,  to  immediately  follow  the  latter  .work  in  localities  where  maps 
were  most  urgently  wanted.  But  in  consequence  of  a  proposal  of  the 
War  Office  for  the  formation  of  a  central  office  for  the  execution  of  a 
topographic  survey  of  South  Africa,  to  which  all  South  African  Colonies 
were  to  contribute,  I  urged  that  the  principal  triangulation  of  the  Trans^ 
vaal  and  Orange  River  Colony  should  be  first  of  all  executed,  in  order  to 
bring  up  their  state  of  survey  to  a  level  with  that  of  the  Cape  Colony 
and  Natal. 

That  course  was  adopted,  and  the  work  has  been  in  steady  progress 
ever  since,  under  the  energetic  directorship  of  Colonel  Morris,  R.E.,  C.B., 
pressure  of  other  work  having  compelled  me  to  limit  my  offices  to  those  of 
scientific  adviser. 

So  much  for  the  history  of  the  work.    Let  us  now  look  at  the  results. 

The  large  map  Plate  IT.  shows  the  whole  of  the  triangulation  accom- 
plished in  South  Africa  ;  the  difierent  divisions  of  the  work  will  be  suffi- 
ciently evident  from  their  geographical  position. 

Although  the  whole  of  the  triangles  shown  in  the  Transvaal  and  Orange 
River  Colony  have  been  selected  and*  beaconed,  the  whole  have  not  yet 
been  completely  measured.  Diagrams  1  and  2,  Plate  III.,  show  the  chains 
which  have  been  completed  and  reduced  in  the  Cape  Colony,  Transvaal, 
Orange  River  Colony,  and  Natal,  with  the  exception  of  the  astronomical 
observations  at  the  points  to  which  no  figures  are  attached.  For  these 
points  the  astronomical  observations  have  been  made,  though  not  yet  re- 
duced. The  whole  of  the  Bechuanaland  and  Damaraland  triangulation, 
and  its  connection  with  Maclear's  arc,  and  the  triangles  near  Kimberley 
have  also  been  reduced.  The  survey  in  Southern  Rhodesia  has  been  com- 
pletely reduced. 

In  Rhodesia  the  two  northern  triangles  have  not  been  observed,  or, 
rather,  the  details  of  their  measurement  have  not  yet  reached  me,  but  the 
rest  have  been  preliminarily  reduced  for  the  purposes  of  the  present  paper. 

The  following  are  the  base  lines  which  have  been  measured,  and 
from  th^  following  table  it  will  be  seen  that  they  control,  more  or  les^ 
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directly,  arcs  of  meridian,  and  they  are  therefore  given  in  the  order  of 
these  arcs,  reckoning  from  west  to  east  : — 


Along 

Name  of  Base 

Latitude 

Length. 
Feet 

Heasorod  with 

Zwartland  Base 

33° 

42819-066 

Colby      compen- 
sating bars 

19^  E.  Long. 

S.  Damaraland  Base 

— 

Not     yet 
measnred 

N.  Damaraland  Base 

23 

3102907    i  St^l    and    brass  ] 

Jiiderin  wires 

[ 

Port  Elizabelh  Base 

34 

6000000 

Troughton          & 

25°  E.  Long.        J 

Simms  steel  bare 

Kimberley  Base 

28J 

5909185 

Do.        do. 

I 

Ottoshoop  Base 

2f>J 

57212-39 

Nickel  steel  Jiide- 
rin wires 

Wepener  Base 

30 

71048-14 

Do.        do. 

28°  B.  Long. 

Eroonstad  Base 

28 

64919-67 

Do.        do. 

Ottoshoop  and  Bel- 

26 

See  foot- 

fast Base 

note 

— 

' 

Natal  Base      . 

29-J 

10800-457    Tronghton          &\ 

Simms  steel  Imrs 

. 

Belfast  Base  . 

25J 

62316-92 

Nicbel  steel  Jade- 

The  great  Me- 
ridian    Arc, 
along  30°  E. 
Long. 

' 

Houts  River  Base    . 
Inseza  Base      . 

2.H 
20 

62019-673 

rin  wires 
Do.  do. 
Steel    and    brass 

Jtiderin  wires 

Gwibi  Base     . 

171 

71165-270 

Nickel  steel  and 

steel      Jiiderin 

wires 

U 

Loangwa  Base 

15 

67087-61 

Nickel  steel  Jiide- 
rin wires. 

The  northern  side  of  this  arc  is  checked  both  by  Ottos-hoop  and  Belfast  base. 

With  exception  of  the  first  bases,  measured  by  parties  who  used  the 
Jiiderin  apparatus  for  the  first  time  - 1.^.,  on  the  Inseza  and  North 
Damaraland  bases — the  probable  error  of  base  measurement  is  about 
1  :  1,000,000.  I  estimate  the  uncertainty  of  the  length  of  the  Inseza  and 
North  Damaraland  bases  at  1  :  100,000. 

The  chief  errors  do  not  lie  in  the  discordances  of  the  repeated  measure- 
ments of  the  base,  but  in  the  standardisation  of  tho  wires.  But  when 
the  most  complete  methods  are  taken  for  standardising  the  wires,  the 
chief  source  of  error  is  the  error  of  the  absolute  length  of  the  standard 
bar,  which  cannot  be  relied  upon,  even  after  the  most  rigorous  comparison, 
within  less  than  1  :  1,000,000.  Full  details  of  the  basis  of  these  conclu- 
sions are  published  in  Vol.  i.  of  the  *  Geodetic  Survey  of  South  Africa,' 
with  reference  to  the  bases  measured  with  the  Troughton  <fe  Simms 
apparatus,  and  show  the  accidental  probable  error  of  measurement  to  be 
from  1  in  8  to, 5  millions. 

In  regard  to  the  Gwibi  base,  which  enters  into  the  great  arc  along  the 
30th  meridian,  having  regard  to  the  fact  that  the  standardisation  of  the 
wires  employed  was  carried  out  not  on  the  field,  but  at  the  Cape  Obser- 
vatory, before  and  after  the  base  measurement,  the  following  particulars 
may  be  given  : — 

In  the  centre  of  the  base-line  site  a  ground  standard  of  400  yards  • 
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was  laid  down.  Its  terminals  were  marked  by  fine  holes  in  brass  blocks, 
fixed  on  concrete  pillars  2  feet  square  and  4  feet  deep,  founded  on  rock. 

Each  pair  of  wires  was  compared  a  number  of  timas  on  November  S, 
4,  and  5  with  the  400-foot  ground  standard  before  measurement  of  the 
base,  and  again  on  December  22  and  24  after  measurement  of  the  base. 

The  length  of  the  standard  base  for  the  measurements  in  November 
was  computed  from  the  results  of  the  Cape  comparisons  in  the  preceding 
August  and  September,  and  those  of  December  from  the  Cape  com- 
parisons in  the  following  January. 

The  results  are  given  in  the  following  table,  in  three  columns,  for 
comparison — 

a.  From  all  measures. 

6.  From  measures  with  wires  not  used  in  the  base  work.' 

c.  From  measures  with  the  old  wires  only,  arid  excluding  the  later 
measure  with  the  C,  D  pair  (D  having  been  used  oh  the  base). 

Length  of^X^foot  Oround  Standard,— A.. 


1900 

Wires 

a 

h 

e 

November  3,  4,  and  6, 
with  lengths  derived 
from  Cape  compari-  ' 
sons  in  Angust  and 
September                     ^ 

December  22  and  24, 
with  lengths  derived 
from  Cape  compari- 
sons in  January  1901 

P  and  PP 
Q    »    D 
A    ,,    B 
C    „    D 
B   M    F 
P    „    PP 
Q    ..    D 
A    ..    B 
0   „    D 
B   „    F 

mm. 
1211)23-6G 
24-81 
23-20 
23-20 
23-64 
2606 
25-08 
23-63 
2382 
23-17 

mm. 
121923-66 
24-81 
23-20 
23  20 
23-54 

23-53 
2317 

mm. 

121923-20 
23-20 
23-54 

23-53 
23-17 

Means  .... 
Probable  error 

— 

121923-91 
±016 

12192369 
±015 

121923  33 
±0-06 

The  wires  A,  C  and  E  were  of  stecL 
„  B,  D  and  F  „  brass. 
„         P  and  Q  „       nickel  steel  invar, 

„         PP  „       nickel  steel  having  a  coefficient  of  expansion  some- 

what like  that  of  brass. 

The  pairs  of  wires  P,  PP  and  Q,  D  were  alone  used  for  measurement 
of  the  base,  but  they  were  compared  with  the  400-foot  ground  standard 
before  and  after  measurement  of  each  section  of  the  base,  with  the  fol- 
lowing results,  when  corrected  to  the  temperature  at  which  both  wires 
have  the  same  length  (Jaderin  method),  assuming  the  40O-f6ot  ground 
atandard  (S)  to  be  constant  in  length. 


1900 

P,PP 

Q.D 

mm. 

mm. 

November  3,  4,  5      .      :  . 

1S.--3-61 

tS.-3-94 

14,  16,  16         .        .        . 

-3-80 

-3-96 

27,28      .        .        .        . 

-3-70 

-3-95 

Oei^mber6             .        . 

-3  82 

-402 

17,  18      . 

-4-01 

-419      . 

22,24      .        .        .        . 

-4-28 
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It  will  be  seen  from  this  and  the  preceding  table  that  the  hard  work 
of  base  measurement  has  a  tendency  to  induce  molecular  change  in  the 
wires,  and  that  the  wires  left  at  comparative  rest  give  more  consistent 
results  for  the  standard  ground  base  (see  column  c  of  preceding  table). 
It  is  also  evident  that  new  wires  have  a  tendency  to  contract. 

This  latter  point  will  be  more  evident  from  the  following  table  of  the 
lengths  of  the  wires  at  70^  F.  at  the  different  epochs  when  their  absolute 
lengths  were  determined  at  the  Royal  Observatory. 


A 

B 

C 

D 

E 

P 

Steel 
mm. 

BrasB 

Steel 

Brass 

Steel 

Brass 

1 

mm. 

mm. 

mm. 

ipm. 

mm. 

(1)  April-May,  1898       . 

24383-93 

24386-23 

24384-36  2438618 

24383-67 

24386-94 

(2)  Oct-NoY.  1898 

82-65 

85-67 

84171      86  04 

82-67 

85-42 

(3)  April-May,  1900      . 

82-63 

86-01 

8413 1      86-03 

83-12 

85-77 

(4)  Aug-Sept.  1900       . 

82-40 

86-73 

83-91  i       86-79 

82-81 

86-19 

(6)  Jan.  1901 

8216 

86-68 

83-71 1      86-84 

82-64 

85-02 

The  wires  P,  PP  and  Q  were  only  supplied  in  1900. 

(1)  and  (2)  were  the  comparisons  made  before  and  after  the  measures 
of  the  Inseza  base  near  Bulawayo,  of  which  I  give  here  no  further  details, 
as  it  does  not  enter  into  the  great  arc  of  meridian ;  (3)  was  an  inter- 
mediate comparison ;  (4)  and  (5)  the  comparisons  of  the  wires  made 
before  and  after  the  measures  of  the  Inseza  base. 

The  length  of  the  400-foot  ground  standard  was  adopted  from  the 
mean  of  the  measures  with  all  the  wires  before  and  after  the  base 
measurement. 

The  adopted  lengths  of  the  measuring  wires  for  each  section  of  the 
base  were  the  mean  length  derived  from  their  comparison  with  the 
ground  standard  before  and  after  the  measurement  of  that  section. 

Each  section  of  the  base  was  measured  both  forwards  and  backwards 
by  both  wires.     The  following  are  the  results  : — 


Section 

By  Wires 
PandPP 

By  Wires 
QandD 

Disoordance 

I.  a        < 
b 
II. 

III.  a 
h 

IV.  a 
h 

•        • 

mm. 
1.646.625 
4.020.152 
3.144.434 
3,530,470 
1,595,383 
3.715,304 
4.0436.40 

mm. 
1.646,530 
4.020,130 
3.144,433 
8.630,492 
1.595,382 
7.768.926 

lin     329,000 
163,000 
,.    3,100,000 
..        161.000 
„     1.600,000 
„       431.000 

21,695  908 

21.696.893 

1  in  1.446.000 

The  adopted  mean  length  is  21,696.901  mm. 
71.181-419  feet 


I  have  gone  into  thin  detail  in  connection  with  the  measurement  of 
the  Gwibi  base  because  it  is  certainly  the  least  accurate  of  the  base  lineq 
th^t  occ\ir  op  the  great  arc  of  meridian. 
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If  we  adopt  instead  of  the  result  of  column  a  (table  A)  that  derived  in 
column  c,  which  may  possibly,  for  reasons  explained,  be  the  more  correct, 
we  should  obtain  a  shorter  length  by  about  1  :  200,000  ;  on  the  whole  T 
«m  disposed  to  think  that  the  probable  error  of  the  base  is  not  much 
greater  than  that 

For  measurement  of  the  base  lines  in  the  Transvaal  and  Orange  River 
Colony  much  better  appliances  were  available.  The  steel-bar  measuring 
apparatus  was  transported  in  all  cases  to  the  site  of  the  base,  and  a  480- 
foot  ground  standard  was  measured  before  and  after  the  measurement  of 
each  section  of  the  base,  both  with  the  steel  bars  and  the  wires  used  in 
measurement  of  the  section. 

A  large  amount  of  time  was  devoted  at  Belfast  to  the  training  of  the 
base-measuring  staff,  determining  temperature  coefficients  of  wires,  and 
making  experiments  and  tests  of  various  kinds,  so  that  a  most  effeC^tive 
working  staff  was  created. 

I  feel  certain  it  would  be  true  economy  in  all  future  large  geodetic 
operations  to  have  a  base-measuring  staff  first  well  trained,  and  to  measure 
the  bases  so  soon  as  the  reconnaissance  has'beon  completed,  and  before  the 
angles  of  the  chain  are  definitively  measured. 

There  have  been  five  base  line^  measured  in. the  Transvaal  and  Orange 
River  Colony,  of  which  the  results  are  as  follows  : — 


— 

No.  of 
Sections 

Total  Length. 
Metres 

Probable  Error. 

•Belfast  Base 
Ottoshoop  Base 
Wepener  Base 
Krobnstad  Base 

•HoQtfl  River  Base 

9 
8 
6 
4 
8 

18.994027 
17.438-178 
21,655-280 
19,787-341 
83,961-340 

n, 
±0-009=«1  :  2.423,000 
•006     1:3,487.000 
•009     1  :  2,406,000 
•004     1:4,946,000 

•006    1:6,792,000 

1 

Each  section  of  the  base  was  measared  three  times. 
Those  marked  *  occur  on  the  great  arc  of  meridian. 


These  probable  errors  of  the  total  length  of  the  base  are  derived  from 
the  differences  of  the  three  independent  measures  of  each  section,  and 
include,  therefore,  the  effect  of  the  accidental  errors  of  the  measurement 
with  the  Jaderin  Wires,'  the  errors  of  their  comparison  with  the  ground 
standard  base  of  480  feet,  and  the  measurement  of  the  ground  base  with 
the  steel  bars ;  but  they  do  not  include  systematic  errors  due  to  imperfect 
knowledge  of  the  absolute  length  of  the  steel  bars,  which  may  be 
1  :  1,000,000. 

The  three  independent  measures  of  the  Belfast  base  give — 

18,994027  metres* 
•077      „ 
•Q66      „ 

The  Houts  River  base  is  on  the  arc  of  meridian  north  of  Belfast, 
a1[>out  100  miles  south  of  the  Limpopo.  The  following  particulars  about 
ita  measurement  may  be  taken  to  represent  the  accuracy  that  can  be 
littained  by  the  J&derin  method  when  properly  employed         C^ooale 
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Table  A.- 


-Length  of  480-/oo<  Ground  Base  Determined  by  Measurement 
fjuWi  the  Steel  Baa's, 


Date 
1904 

May  25 
„    26 

Jmie  2 
„  7 
„  13 
„  18 
„  20 
..  25, 
M  26 
»    27 


Temp.  (F.) 


69 

57 

71 

59 

70 

59J 

52 

76 

68 

53 


Length  of  Base 

mm* 
146308-76 

•71 

•49 

•68 

•43 

•68 

•83 

•59 

•77 

•68 


Table  B. — Apparent  Length  of  Measuring  Wires  from  Comparison 
with  480-/oa<  Base, 


Date 
1904 
May  26 
June  2 
„  7 
•.  IS 
„  18 
„  20 
,,   25 


Wirel 
mm. 

24380-74 
•77 
•75 
•76 
•77 
•76 


Wire  8 

mm. 

2438131 


The  wire  3,  used  in  previous  bases,  met  with  an  accident  on  May  27 ;  wire  1  waB 
substituted. 

Each  section  of  the  base  was  measured  three  times,  viz.,  once  forward^ 
then  backtvardf  finally  fortvard.     The  results  are  given  below. 

The  separate  lengths  derived  from  each  measurement  are  givea 
below  : — 


Table  C. — Measured  Lengtlis  of  Sections  of  tJie  Houta  River  Base^  after 
correction^  from  comjmrison  with  Standard  Base, 


Section 

mm.   . 
r      4181 

Section 

mm. 
r   410  9 

I. 

.  180Z  + 

423-4 

437-0 

59  6 

V. 

.  192Z- 

417-2 
416-9 
419-7 

11.     . 

.  200Z  + 

CO-6 

68-3 

f        91-7 

VI.       . 

•        ..  144/ + 

411-6 
410-0 
864^4 

III.    . 

.  180U           860 

87-7 

1  13622-7 

VIL       . 

.  177i- 

866^J 

859  2 

53301 

IV.    . 

.  220?  +  \ 

1  13621-7 

VIIL      . 

.  ISO/-  • 

5332-6 
53344 

^ 

vhere  l^2i[ 

}80-0mm. 

The  measurements  of  the  base  line  on  the  banks  of  the  Loangwa,  in 
Northern  Rhodesia,  are  not  yet  definitively  reduced.  The  base  itself  is  1 7,400 
metres  in  length  ',  the  difference  between  the  two  measures  was  49  milli- 
metres. 

As  full  details  of  all  the  base  lines  measured  with  the  Troughton  <b 
Simms  steel  bars  are  given  in  Vol.  i.  of  *  The  Geodetic  Survey  of  South 
Africa,'  I  need  not  go  here  into  further  detail,  but  merely  state  that  their' 
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For  Cape  Colony  and  Natal, 
Abstract  of  Triangular  Erron, 


Limit  of  Errors  of  Triangles 

1 

I  T>-^U,.U1^ 

t 

Portion  of  ChaiBS  * 

No 
of 

It 

/I       1      U            If 

" 

II    '    11    \    II 

II 

Error  of 

« 

A" 

00 

0-5     10     1-5 

2-0 

2-5     80  i  8-6 

40 

a  Single 
Angle 

o 

to 

to       to      to 

to 

to       to       to 

to 

0-5 

I'O     1-5     2-0     2-5 

8-0     8-5     4-0 

4-5 

Trotighton  ^  Simms  IS-inch  Theodolite, 


M. '  Zwaartkop,  New 

M. 

M. 

L. 


castle        .        .  ij 
Zwaartkop,     Gri-  .  |  jg 
.   qualand    .        .  !  j 
Natal  ba£e  exten- 
sion . 
Griqaaland     Tri- 
angulation 


30 


I  30    14 


100 


41      13 


23     11 


— 

— 

2 

— 

3 

2 

— 

3 

5 

6 

i:  0-492 
±0-394 
±0-502 
—  !  —  !  ±0-522 


—  !  —  !  ±0-493 


Eepsold  10-t«cA  Theodolite. 


King      William's 

Town    to    Port 

Elizabeth 
Port        Elizabeth 

base  extension . 
Port  Elizabeth  to 

Caledon    . 
Port  Elizabeth  to 

Kimberley 
Kimberley     base 

extension . 
Hanover  to    Cal- 

vinia 
Tie  Chain   N.  of    > 

Mossel  Bay      .  I  \ 
\1. 


13 
22 

i  125 


!) 


23 


-L 


134 


Sir  T.  Maclear*8 
A*  employed  in 
the  geodetic 
circuit 


13 


18 


10 
11 


62 


3 

1 

1 

— 

— 

— 

— 

4 

7 

1 
5 

1 





1» 

__ 



10 

6 

3 

— 

— 

— 

— 

— 

8 

6 

1 

— 

— 

— 

— 

— 

8 

3 

1 

— 

— 

— 

— 

— 

2 

— 

— 

— 

— 

— 

— 

42 

22 

7 

— 

— 

1 

— 

— 

2 

3 

1 

1 

— 

1 

— 

— 

±0-362 

±0-213 
±  0-427 » 
±0-314 
±  0-324 
±0-294 
±0-224 


—     —     ±0-326 


±0-622 


M. s Colonel  Morris,  RE.         L.  =  Lieutenant  Laffan,  R.E.        P.  =  If r.  R.  PilUns. 

*  This  triangle  has  one  line  which  crosses  an  arm  of  the  sea,  and  its  error  is 
obviously  abnormal.  If  this  triangle  is  rejected,  the  probable  error  of  an  observed 
angle  in  the  arc  Port  Elizabeth- Caledon  becomes  +'0''-329,  and  the  general 
probable  error  of  an  angle  observed  with  the  Repsold  theodolite  becomes  ±  0"*306. 

accidental  errors  of  measurement  are  certainly  considerably  less  than  the 
uncertainty  of  the  determination  of  the  lengths  of  the  bars — which  uncer- 
tainty is  of  the  order  of  1  :  1,000,000. 

With  regard  to  the  accuracy  of  triangulation,   the  j^bable  error  of 
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•6745 


V\ 


measurement  of  the  angles  of  the  triangles  has  b^n  computed  from  the 
formula 

3N' 

where  2  A'  U  the  sum  of  the  squares  of  the  triahgulation  errors^  and  N 
is  the  number  of  triangles. 

For  the  geodetic  survey  of  the  Cape  Colony  and  Natal  the  precediilg 
table  exhibits  the  limits  of  error  df  the  triangles  in  excess  or  defect  of 
180° +f. 

The  probable  error  of  a  single  triangle  in  Bosmdn's  triangulation  is  fts 
follows  : — 

Section  I.     ±  l"'4l     Very  flat,  arid  country,  sides  3  to  8  miles. 

„      II.     :+:  0"**j2      „       „       „         „         rather  longer  sides. 

„    III.     ±  0"'6G  1   t>  11-  .1  'A 

"     jy      Hh  A// .40  f  Rolhng  country,  longer  sides. 

In  Mir.  Alston's  connections  of  the  eastern  and  western  extremities 
of  Bosman's  arc  with  the  geodetic  survey  the  probable  error  of  an  angle 
was  I — 

For  the  Eastern  connection  ±  0"-58 
„    ,,    Western        „  ±  0"-57. 

In  the  arc  through  Damaraland  the  distribution  of  triangular  errors 
is  as  follows  : — 


Limlling  Values  of  Errors  of  Triangles 

O'O 
to 
0-5 

0-5 
to 
10 

ft 

1-0 
to 
1-5 

ff 

IB 

to 
20 

2*0 
to 
2*5 

2*5 
to 
80 

80 
to 
8-6 

8-5 
to 
4-0 

t 

40 
to 
4-5 

No.  of  Triangles 

52 

48 

34 

19 

18 

17 

3 

2 

1 

From  the  original  errors  of  closure  of  the  194  separate  triangles  the 
probable  error  of  an  angle  was  found  to  be  d:0"*59. 

In  the  Transvaal,  Orange  River  Colony,  and  Rhodesia,  so  far  as  the 
results  are  before  me,  the  triangular  errors  and  probable  errors  of  a  single 
angle  are  as  follows  : — 


Abstr 

act  of 

Tnang 

ular  Errors* 

Limit  of  Errors  of  Triang 

les 

Probable 

Portion  of  Chains 

No.  of 
Tri- 

It 

It 

/' 

n 

It 

Error  of 

angles 

0*0 

0-5  - 

10 

1-5 

2-0 

a  Single 

to 

to 

to 

to 

to 

Angle 

0-6 

1*0 
8 

1-5 
4 

20 

2-6 
2 

BelfasUNatal 

29 

15 



±0"-3S 

Belfast^Ottoshoop . 

28 

14 

9 

2 

2 

1 

±0"36 

Pretoria-Cwecweni 

63 

25 

26 

10 

2 

— 

±0"-30 

Natal-Kroonstad   . 

10 

6 

4 

— 

— 

— 

±0"19 

Kroonstad-Kimberley    . 

18 

10 

7 

1 

— 

— 

±0"-23 

Kimberley-Ottoshoop     . 

57 

19 

18 

12 

7 

1 

±0"-33 

205 

80 

72 

29 

11 

-d^ 

±0"-33 

8.  s  Mr.  Alex.  Bimiiis.  O.  s  Captain  Gordon,  R.E. 


L.B  Captain  Leys,  B.B. 
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In  Northern  Rhodesia  Dr.  Rubin's  results,  so  far,  appear  to  be  of  like 
accuracy  with  those  obtained  by  Mr.  Siiuras  in  Southern  Rhodesia. 

But  now  with  regard  to  the  nine  crucial  tests  given  in  Diagrams 
Nos.  1  and  2,  Plate  III.. 

If  it  were  possible  to  measure  all  the  angles  of  a  triangulation  without 
error,  and  base  lines  without  error,  it  is  clear  that  if  the  length  of  any  one 
base  was  calculated  from  any  other  base  as  origin  through  any  intervening 
chain  of  triangles,  we  should  obtain  a  length  of  the  base  by  computation 
which  would  agree  precisely  with  that  of  its  measured  length.  As  all 
human  operations  are  fallible,  this  agreement  never  occurs  except  as  a 
matter  of  chance ;  and,  as  the  operation  of  triangulation  is  necessarily 
much  less  accurate  than  that  of  base  measurement,  the  discordance 
between  bases  compared  through  intervening  triangles  is  generally  far 
greater  than  the  probable  errors  of  base  measurement. 

On  this  account  it  is  usual  to  consider  the  base  lines  as  free  from 
error,  and  to  compute  by  least  squares  the  corrections  applicable  to  the 
angles  of  the  triangles  which  are  necessary  to  bring  about  an  agreement 
between  the  measured  and  computed  lengths  of  all  the  base  lines. 
Colonel  Morris  has  kindly  communicated  to  me  the  results  of  the  pre- 
liminary computations  made  for  intercomparing  the  bases  measured  in 
Cape  Colony,  the  Transvaal,  Orange  River  Colony,  and  Natal,  with 
the  exception  of  the  Limpopo,  or  Houts  River  base,  the  triangulation 
connecting  which  with  the  Belfast  base  is  not  yet  completed. 

Diagram  No.  1. 

Campariton  of  Measured  Lengths  of  Bases  with  Lengths  computed  from  the  Port 
Elizabeth  Base  (produced). 


Base 


Zwartland  . 
Kimberley . 


Natal. 
Belfa8t 
Ottoshoop  . 
Kroonstad  . 
Wopener    . 


Throng  h 
Chain 


1 

2 

3 

1+3 

U 

4 
6 
0 
7 
8 


Approx. 

Length  of 

Chain 


Miles 

500 

400 

600 

1,100 

1,150 

400 

700 

950 

1,060 

1.200 


Approx. 

Length  of 

Base 

Feet 
42,819 
14,760* 


10.800 
62,316 
67,212 
64,920 
71,048 


Apparent 

Ratio 

Error  of  Base 

Feet 

-1-37 

1  :  31,260 

-0  50 

1  :  29,750 

-0-50 

1  :  29,750 

-0-94 

1  :  15,620 

-0-45 

1  :  32,650 

-0  26 

l:  41,770 

-0-98 

1  :  63,870 

-1-88 

1  :  30,380 

-  1-92 

1  :  33,930 

-1-28 

1  :  55,680 

'  This  refers  to  the  base  prolonged  by  triangulation  from  6,000  feet»  directly 
measared. 

It  is  very  remarkable  that  these  comparisons  agree  in  showing  all  the 
other  bases  are  apparently  shorter  than  the  Kimberley  base,  and  it  seems 
impossible  not  to  conclude  that  there  is  some  undiscovered  source  of  error 
in  the  Kimberley  base,  although  it  is  hardly  possible  that  the  base  itself 
is  really  six  inches  too  long,  as  this  comparison  would  appear  to  show.  It 
is  more  likely  that  the  error  has  been  produced  by  a  grazing  line  or  lines 
in  the  extension  of  the  base  ;  although  the  residuals  in  the  angles  of  the 
quadrilateral  figures  by  which  the  base  was  prolonged  show  extremely 
small  residuals,  for  one  cannot  imagine  that  the  measured  part  of  the  base 
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f{|,000  feet)  can  be  2^  inches  in  error,  seeing  that  the  largest  difference 
between  the  forward  and  backward  measure  of  any  of  its  eight  sections 
was  only  y^^  of  an  inch. 

Taking  now  the  Belfast  base  as  standard,  and  comparing  it  through 
various  independent  circuits  with  the  other  bases,  we  get  the  following 
results,  which  are  in  much  better  agreement  : — 

Diagram  No,  1. 


Comparison  of  Meamred  Lengths  of  Bases  with  Lengths  computed  from  Belfast 

Base. 

Throngh 
Chain 

Approx. 

Approz. 

Apppox, 

Base 

Length  of 

Length  of 

Error  of 

Ratio 

Chain 

Base 

Base 

Miles 

Feet 

Feet 

Ottogboop      . 

6-5 

250 

57,212 

-0-99 

1  :    67.900 

Kroonstad      . 

7-6 

aso 

64,920 

-0-90 

1  :    72,380 

WepeDer 

8-6 

500 

71.048 

-016 

1  :  434,300 

Natal     . 

4-5 

300 

10,800 

-009 

1  :  120.6()0 

Port  EliEabeth 

6 

700 

17.058 » 

+  0  27 

l:    63,870 

Zwartland 

1-5 

1,200 

42,819 

-0-70 

1  :    61.160 

»i             •        • 

9-6  +  3 

1,250 

ti 

+  0-78 

1;    58,690 

Kimberley     * 

9-6 

450 

14.760  > 

-0  22 

1  :    66,810 

»»             •        • 

2-5 

1,100 

i> 

-0-26 

1  :    55,680 

'  These  refer  to  the  bases  prolonged  by  triangulation ;  the  measured  distances 
were  6.000  feet  on  both  bases. 

But  besides  the  discordances  of  bases  when  computed  through  inter- 
vening triangulation  from  one  to  another,  in  order  to  attain  geometrical 
harmony  we  must  also  satisfy  the  condition  that  the  circuits  shall  close 
harmoniously  ;  that  is  to  say,  the  terminal  point  of  any  side  of  any 
triangle  in  the  chain,  when  computed  in  any  direction  through  the  chain, 
shall  be  exactly  reproduced  in  latitude  and  longitude,  and  the  side  in  length 
and  azimuth. 

The  discordances  are  given  in  the  following  tables,  illustrated  by 
Diagram  2. 

Closure  on  Lines,     • 


Circuit 


(«) 


{ 
i 

(J)  5  +  7 

(/»)3+4  +  5  +  7| 


1  +  2 

1 

7 
5  +  7 


Circuit  Junction 


Bruintjes-IIooghte-  \ 
Kagabcrg  J 

Bushman's  Berg- 1 
Elandsberg  .        .  j 

Drakensberg  -  Salt  1 
I^ke    .        .        ./ 

Lubisi  Xufca    . 

Scholtz        Kop-Ta- 1 


rantal  Eop 


Approximate 
Length 


Miles 
1.100 

700 

650 
1,100 
1.500 


Log. 

Discordance 

of  Side 


•0000132 
•0000084 

•oooonio 

•0000031 
•0000029 


Batio 


1  in   32,900 

1  in   51.450 

1  in  434.900 
1  in  140,000 
1  in  150,000 


(a)  This  is  equivalent  to  the  closure  on  Kimberley  base  through  chains  1  +  3  and 
2  (Diagram  1). 

(&)  Part  of  the  temporarily  adjusted  chain  for  the  closure  on  the  Natal  base. 

lo)  The  temporarily  adjusted  chains  for  closure  on  Kimberley  and  Natal  bases 
euter  into  this  circuit ;  otherwise  the  equation  would  be  equivalent  to  the  closure  on 
the  Kimberley  base  through  chains  2  and  9  (Diagram  No.  1).    ^^^  h  Go 
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Closure  in  Latitvde,  Longitudey  and  Azimuth, 

Circuit  1. 

Tenninal  line :  Kliprug-Spionberg  II. 

Lat.'  Long.  Az. 

Right  hand-Left-hand  Branch         +  0"-032        +  0"106         +  0"075 

Circuit  2. 

Terminal  line :  Canaryf ontein-Elandsberg. 

Lat.  Long.  Az. 

Right  hand-Left-hand  Branch         +  0"-028        +  0"-050       -  4"-22». 
In  circuits  1  and  2  the  errors  of  closure  are  those  obtained  after  closure  of  bases. 

Circuit  7.  '        ' 

Closure  on  Drakensberg-Salt  Lake  through  north,  west,  south,  east. 

Lat  Long.  Az. 

•  Geodetic  Survey/  Vol.  i.  wSnut,    Computed        +  0"021         +  0"060        -0"-43 

Circuit  6  +  7. 

Closure  on  Xnka-Lubizi  through  north,  west,  south. 

Lat  Long.  Az. 

•G.S.*  Vol.  i.— Computed  +0"172         +0"120        -l"-48. 

Ctrcttt^  3  +  4  +  5  +  7. 

Junctions  at  Scholtz  Kop  with  Tarental  Kop. 
From  Drakensberg  (*  G.  S.*  Vol.  i.)  to  Scholtz  Kop  (»  G.  S.*  Vol.  i.) 


. 

Lat 

Long. 

Az. 

(*  G.  S.'  Vol.  i.y-Computed 
Circuit  3,  4 
Circuit  5 

.   +0"-048 
+  0"-266 
4  0'  -151 

+  0"044 
-0"076 
+  0"060 

-2"-78 
-l"-30 
-1"05 

It  will  be  observed  that  the  chains  joining  Hopetown  and  Wepener, 
Kimberley  and  Ottoshoop,  Ottoshoop  and  Pretoria  and  Belfast  with  the 
Limpopo  or  Honts  River  base,  are  not  yet  completed,  and  therefore  these 
circuits  cannot  be  yet  discussed.  But  enough  has  been  done  to  show  the 
high  character  of  the  work. 

We  turn  now  to  the  geodetic  results. 

Taking  first  of  all  arcs  of  meridian,  and  beginning  from  west  to  east, 
we  have 

The  Arc  near  tJie  Meridian  of  19®  E,  Long. 

This  arc  depends  in  the  south  on  Sir  Thomas  Maclear's  arc,  part  of  which 
has  been  re-observed  by  Colonel  Morris  and  entirely  re-reduced  to  the 
gridiron  system  of  the  *  Geodetic  Survey  of  Cape  Colony  ' ;  then  on  Alston's 
triangulatiou  to  the  Orange  River,  then  on  Bosman's  triangulation  along 
the  20th  meridian  to  South  Reitfontein,  and  thence  northward  to  Lati- 
tude 22  South,  through  Damaraland,  by  the  Anglo-Germlin  Boundary 
Cbmmibsionefs,  Laffan,  Wittstein,  and  Doertng. 

52 
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1 

Astron. 

Astron. 

Authority 

Loagitude 

Latitnd 

i 

minus 
Geod.Lat. 

minus 

Geod. 

Asimnth 

o     # 

o 

II 

II 

Bir  T.  Maclear :  Cape  Point    . 

18  29 

3*?J 

-004 



„             Zwartkop  (C.C.) 

18  27 

34  13 

-1-27 

— 

^     Gill :  Royal  Obseryatory  |      18  29 

3366 

+  0-48 

-5-92 

Colonel  Morris:  Tygerberg     . 

18  35 

33  61 

+  1-98 

-B02 

„              Robben  Island 

18  23 

33  48 

+  0-75 

-7  06 

SirT.  Maolear:  EUpfontein  (Seo- 
tor  Station)     . 

1        18  29 

32  41 

+  7-42 

— 

,,             Heerenlogements 
Berg  .        .      . 

18  35 

31  58 

-0-57 

— 

„              Ramies  Sector  Berg'      18    8 

30  21 

+  814 

+  1-09 

„              North  End(Sector 
Station)      •      . 

18  33 

29  44 

+  012 

— 

Mr.  Bosman :      TJpington      , 

21  14 

28  26 

-0-50 

— 

VetRivier    . 

20    0 

26  49 

-0-96 

-2-49 

Col.  Laffan : 
Lt.  Wettstein: 

and 
lieut.Doering: 

rReitfontein  . 

20    2 

26  44 

+  0  60 

-2  89 

Gibeon. 

17  46 

25     7 

+  0-77 

-6-73 

GiU's  Wald . 

18  47 

22  57 

-112 

-4-80 

Oliphants  Kloof  . 
^Epukiro 

20    5 
20  57 

22  11 
21  56 

+  302 
-012 

-402 
-3-61 

The  astronomical  amplitude  of  the  extreme  stations  of  the  arc  is 
12°  25'  18"-39.  The  geodetic  amplitude  (Clarke's  elements),  12^  25'  18"-31. 
This  arc,  properly  speaking,  rests  on  two  base  lines,  viz.,  the  Z wart- 
land  base,  measured  by  Sir  Thomas  Maclear,  and  a  base  of  which  one  of 
its  terminals  is  the  point  GilFs  Wald,  measured  by  the  Anglo>German 
Boundary  Commissioners. 

Metres. 
The  length  of  the  latter  base,  computed  through  the  long  chain  of 

intervening  triangles  from  one  of  the  sides  of  the  geodetic  circuit,  is  »  9467850 
The  directly  measured  leiTgth  was         •        •        •        «        ,        «        .  =  9457*440 


Difference  compnted-measnred  is  therefore 


0-410 
or  =  1 :  23000 


The  geodetic  amplitude  of  the  arc  has,  however,  been  computed  solely 
from  the  Zwartland  base,  and  it  would  have  been  increased  by  about 
0''*5  if  tho  Commissioners'  base  had  been  taken  into  account  There  is 
unmistakable  evidence  of  strong  local  deviation  of  the  direction  of  gravity 
at  Klipfontein  and  Kamies  Sector  Berg,  but,  apart  from  these  stations,  if 
we  divide  the  arc  into  groups  we  have  the  following  results  : — 


No.  of 
Stations 

Mean 
Latitude 

0            9 

84       2 
30    51 
26     31 
22     22 

Astron.  minus 
Geodetic 

Southern  End  of  Maclear's  Arc      . 
Northern       „           „          „ 
Southern  End  of  Boundary  Survey 
Northern        „           .,             „ 

6 
2 
4 
3 

If 
+  038 
-0-22 
-002 
+  0-60 

The  reason  why  the  northern  base  was  not  taken  rigorously  into 
account  in  the  computations  is,  that  it  is  desirable  in  so  long  an  arc  to 
measure  at  least  one  other  base,  say  in  the  neighbourhood  of  Reitfontein, 
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and  it  is  only  waste  of  time,  therefore,  to  compute  corrections  to  the 
chaio)  which  will  certainly  have  to  be  replaced  by  others  at  a  later  datoi 

The  geodetic  amplitude  could  be  greatly  strengthened  by  a  direct 
connection  sonthwanls,  across  the  Orange  River,  between  the  sides 
Spitzkopje-Karasberge-Sonnabende  Hugel  with  the  sides  Naib-Agenys 
or  Agenys-Eitjes  of  Alston's  triangles.  We  may  confidently  rely  on  the 
scientific  spirit  of  Germany  to  measure  at  least  another  base  and  increase 
the  number  of  astronomical  stations  on  this  arc. 


Arc  near  the  Meridian  of  26°  E,  Longitudei 

This  arc  is  at  present  incomplete,  because  the  triangles  connecting 
Kimberley  and  Ottoshoop  are  not  yet  measured.  The  geodetic  latitudes 
will  depend  on  two  parallel  chains  of  triangulation  which  unite  at  the 
northern  part  of  the  arc,  and  cover  about  4**  in  longitude.  The  astro  - 
nomical  observations  at  some  of  the  stations  have  not  yet  been  reduced, 
and  further  astronomical  stations  are  required  at  the  northern  end  of 
the  arc. 

The  results,  however,  are  interesting  as  they  stand. 


T  «,. 

__       1 

□    T 

_.      1 

Astron.  minus 

Astron.  minti9 

lj<ni{(. 

O.  kjOkJt,        1 

Good.  Lat. 

Geod.  Azimuth 

Cape  St.  Francis 

o 
21 

t 
46 

O 

31 

10 

+   0  84 

It 

BuffelsfonteiD  *  . 

_ 

- 

000 

0  00 

Port  Elitobeth  . 

25 

37 

33 

58 

-  7-37 

*090 

Goega  Kop 

25 

37 

38 

46 

-   7-90 

— 

Zuurberg  * 

25 

34 

33 

14 

+ 10-96 

— 

!  Drivers  Hill      . 

1     26 

42 

33 

17 

+    1-87 

— 

Berlin 

1     27 

37 

32 

53 

+   6-80 

+  0-53 

Grassberg . 

24 

29 

32 

51 

+  10  74 

— 

Labial 

,     27 

30 

31 

47 

Not  yet  reduced 

Tafolberg  . 

25 

10 

31 

38 

+  0-32 

— 

Washbank  Peak 

27 

30 

31 

12 

Not  yet  reduced 

Hanover    . 

24 

26 

31 

4 

-  001 

— 

Helveljn   . 

27 

14 

30 

40 

Not  yet  reduced 

Aasvogel  Kop    . 

27 

5 

30 

14 

Not  yet  reduced 

DePut      . 

23 

55 

30 

14 

-  0  58 

— 

S.  End  Wepener  Base 

27 

1 

29 

50 

Not  yet  reduced 

N.  End  Wepener  Base 

26 

60 

29 

37 

Not  yet  reduced 

Not  yet  reduced 

Kimberley 

24 

43 

28 

38 

-  1-57 

+  107 

N.    End     Ottoshoop 

Base 

26 

63 

25 

33 

-  4-45 

+  2-06 

*  Buffelsfontein  is  the  origin  of  the  latitudes  and  azimuths  of  the  system. 
The  accuracy  of  the  arc  when  the  connection  between  Kimberley  and  Ottoshoop 
has  been  completed  will  be  very  great,  as  practically  five  first-class  base  lines  enter 
into  the  control  of  its  geodetic  amplitude,  as  well  as  an  excellent  gridiron  system. 
The  large  local  deviations  of  gravity  (—7^"  near  Port  Blizabethand  +  lOJ"  at  Zuurberg 
and  Grassberg)  tend  somewhat  to  diminish  the  value  of  the  arc  as  a  measure  of  the 
earth's  mean  curvature. 

Great  Arc  along  the  90th  Meridian  north  of  the  Limpopo, 

Prom  the  Limpopo  northwards  to  the  following  triangles  a  gap  exists, 
not  yet  filled,  and  the  station  Salisbury  is  taken  as  the  new  origin  both 
tor  latitude  and  azimuth.  -  o 
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Oreat  Arc  along  the  80<A  Meridian  south  of  the  Limpopo. 


Owecweni . 

TJmtata 

Xuka  • 

Bendearg  . 

Umlamyttiia 

Darban      • 

Zwartkop  . 

Salt  Lake  . 

Newcastle . 

Hennitage 

Vierfontein 

tnkwelo     . 

Kaalkop    . 

Gemsbokberg    . 

Jobannesbtirg    . 

S.  End  Belfast  Base 

Lange  Kloof 

Mare's  Kop 

N.  End  Belfast  Base 


Long. 


2H  0 

28  45 

28  0 

27  55 

29  67 
31  0 

30  15 
80  4 
29  56 
29  20 

28  40 

29  50 
29  5 

29  27 

28  6 

30  2 

29  57 

30  6 
30  22 


Lat. 


31  50 

31  36 

31  18 

31  2 

30  44 

29  51 

29  36 

27  65 

27  46 

27  40 

27  32 

27  31 

27  30 

27  27 

26  3 

25  40 

25  31 

25  30 

26  29 


Atttron.  rninua 
Good.  Lat 


Astron.  ininua 
Good.  Azimuth. 


Not  yet  reduced     Not  yet  reduced 

+  2-98  I  4  0'62 

Not  yet  reduced 

-1-37 


+  1-71 

__ 

+  219 

— 

+  1-32 



+  61 



+  110 

-3  33 

Not  yet  reduced 

-6-3 » 

-9-33 

-M4 

-3-50 

-2-60 

-4-41 



-2  77 



-6-61 

— 

*  From  this  point  northwards  to  the  Limpopo  the  observations  have  not  been 
completed. 


Xx)v 

Le* 

Aetron.  minus 

Astron.  minus 

-♦o- 

Geod.  Lat 

Geod.  Azimuth 

/  Inugu 

o 
28 

r 
24 

0 

20 

f 
30 

-002 

Golati       , 

28 

36 

20 

29 

+  1-23 

_^ 

M'Quilembegwe 

28 

45 

20 

26 

-  3-78 



Thabaslnyorka 

28 

41 

20 

19 

+  009 



. 

Tsetsa 

28 

22 

20 

17 



+  1-34 

1 

Bulawayo 

• 

(LongPt.)    . 

28 

35 

20 

9 

-  1016 

+  0-72 

en 

S.    End   Inseza 

s 

Base 

29 

9 

20 

6 

-2  75 

J. 

K 

N.    End  Inseza 

5* 

Base      .        . 

29 

4 

19 

57 

-3  52 

-  2-61 

1 

Gwelo       . 

29 

50 

19 

28 

+  0-98 

+  0  26 

Iron  Mine 

30 

22 

19 

19 

-4-37 

o 

Zontimba . 

30 

13 

19 

16 

-  3  99 



Mabamara 

30 

17 

19 

5 

-4-44 



Salisbury . 

31 

2 

17 

60 

OOO(origin) 

000 

Marimba  . 

30 

50 

17 

47 

-4-68 

._ 

Muneni     . 

30 

84 

17 

30 

-5-43 

- 

Baruka 

80 

6 

17 

19 

-317 

__ 

Umvukwe . 

80' 

41 

17 

12 

-7-38 

„__ 

Manyangan      f 
^  or Inyangau  .  I 

29 

36 

16 

26 

-9-70 

+  4-76 

V 

'   Msambamson    . 

30 

0 

15 

53 

-  805 

^__ 

C  Q  *53 

Kapsuku  . 

30 

20 

16 

40 

-617 



Machachetti     . 

29 

62 

14 

55 

-  2-35 



5     ^ 

Mkokomo. 

30 

36 

14 

37 

— 
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From  these  meridian  arcs  the  results  which  appear  to  come  out  are  : — 

1.  In  the  arc  along  the  meridian  of  19^  east  longitude  the  apparent 
curvature  of  the  meridian  between  latitudes  22°  and  35°  corresponds  very 
closely  with  that  given  by  Clarke's  *  Elements  of  the  Figure  of  the 
Earth.' 

2.  Along  the  meridian  of  26°  east  longitude,  between  latitudes  25^°  to 
34°,  there  appears  to  be  a  tendency  for  the  astronomical  amplitude  to 
exceed  the  geodetic  by  perhaps  0"*1  per  degree,  but  the  great  deviations 
of  the  plumb-line  when  one  passes  from  the  neighbourhood  of  the  coast 
to  the  great  mountain  range  immediately  to  the  north  obscures  the 
conclusion. 

3.  This  tendency  seems  still  more  strongly  marked  on  the  30th 
meridian,  both  in  the  arcs  to  south  and  north  of  the  Limpopo.  But  that 
point  will  be  better  determined  for  the  arcs  on  the  26th  and  30th  meridian 
south  of  the  Limpopo  when  the  recently  made  latitude  observations  have 
been  reduced,  and  when  the  arc  north  of  the  Limpopo  has  been  carried 
to  Tanganyika  ;  and  still  better  when  the  gap  between  the  Limpopo  and 
the  Rhodesian  triangles  has  been  filled  and  the  Bhodesian  arc  can  be 
reduced  to  the  same  origin  as  the  rest  of  the  geodetic  survey. 

It  was  my  earnest  hope  to  be  able  to  announce  to  this  meeting  that 
the  actual  work  of  this  connection  had  been  begun.  Captain  Gordon, 
R.E.,  with  a  well-trained  party,  was  in  readiness  to  start  under  the  orders 
of  Colonel  Morris,  but  no  persuasions  of  mine  could  induce  the  Chartered 
Company  to  grant  the  necessary  funds. 

Only  1,600/.  was  required,  which  must  be  considered  a  yery  small 
sum,  having  regard  to  the  scientific  importance  and  practical  value  of  the 
work. 

I  must  admit  that  the  British  South  Africa  Company  is  loyally  carry- 
ing out  Mr.  Rhodes's  promise  to  me — viz.,  *  I  will  see  that  you  get  the 
money  to  carry  this  survey  to  Lake  Tanganyika,  and  when  you  have  got 
there,  if  the  Transvaal  has  by  that  time  carried  its  triangulation  to  the 
Limpopo,  we  will  meet  them  there.' 

But  now  that  the  principal  triangulation  of  the  Transvaal  and  Orange 
River  Colony  is  nearly  complete,  and  trained  men  were  ready,  almost  on 
the  spot,  to  make  the  connection,  a  like  opportunity  to  do  it  so  econo- 
mically and  so  well  is  never  likely  to  recur.  I  say  this  in  justification  of 
my  urging  the  Company,  at  a  time  when  money  is  scarce  in  South  Africa, 
to  undertake  this  work  sooner  than  Mr.  Rhodes  had  promised  it  would  be 
done. 

I  do  not  propose  to  discuss  a  comparison  between  the  astronomical 
and  geodetic  longitudes,  because  the  data  are  as  yet  somewhat  meagre, 
and  it  has  been  as  yet  impossible  to  organise  a  longitude  campaign  with 
elimination  of  personal  equation  and  the  final  control  which  can  only  be 
attained  by  comparison  of  results  derived  through  different  lines  of  inter- 
communication. It  is  sufficient  to  say  at  present  that,  so  far  as  they  go, 
the  longitudes  agree  better  with  Bessel's  and  the  latitudes  with  Clarke's 
elements. 

It  remains  to  mention  the  services  of  those  who  have  carried  out  the 
work. 

First  and  foremost  comes  the  name  of  Colonel  Morris.  To  him,  and 
almost  entirely  to  the  work  of  his  own  hands  and  eyes,  we  owe  the  obser- 
vations in  Cape  Colony  and  Natal — ten  years  of  strenuous  service  in  Ui^ 
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field  and  one  year  in  office  work,  given  with  a  singlene^  of  purpose  and  a 
devotion  and  enthusiasm  which  are  beyond  praise.  To  his  foresight  is  due 
the  fact  that  no  accident  happened  to  mar  the  progress  of  the  work,  and  to 
hi?  tact  the  fact  that  he  and  his  party  were  everywhere  welcomed,  and  no 
objections  were  seriously  raised  to  his  entrance  on  farms  or  claims  made 
for  damage  to  property.  The  rapid  progress  and  the  high  efficiency  of 
the  work  in  the  Transvaal  and  Orange  River  Colony  are  the  result  of  his 
great  experience  and  administrative  capacity. 

The  difficulties  which  must  beset  an  international  commissioner  in 
another  country  than  his  own  were  overcome  by  the  patience  and  tact  of 
Lieut. -Colonel  Laffan  in  the  Anglo -German  Boundary  Survey,  and  high 
praise  is  also  due  to  Lieutenant  Doering,  the  Gorman  Commissioner,  for 
his  loyal  co-operation.  Both  Commissioners  had  te  carry  out  the  work 
through  a  country  presenting  the  greatest  difliculties  to  survey  operations. 
In  some  places  the  nearest  water  to  the  survey  points  was  forty  miles 
distant,  and  even  then  the  supply  was  precarious.  In  others,  heavy  clear- 
ings of  shrub  and  forest  had  to  be  made,  and  the  great  distances  from 
points  where  repairs  of  waggons,  «kc.,  could  be  executed  largely  increased 
the  difficulties. 

Mr.  Alexander  Simms  rendered  most  valuable  service  in  Rhodesia, 
where  he  directed  the  field  operations  and  made  all  the  observations 
south  of  the  Zambesi.  During  the  wet  weather  transport  was  impossible, 
and  soon  after  the  rains  ceased  the  natives  began  to  burn  the  grass  — a 
process  that  filled  the  air  with  such  dense  smoke  that  no  horizontal  angles 
could  be  measured.  Thus  the  patience  and  endurance  of  the  observer 
were  most  severely  tried,  and  the  greatest  credit  is  due  to  Mr.  Simms 
for  the  way  that  he  stuck  to  his  trying  work  and  the  excellent  results  that 
he  secured.  • 

To  Dr.  Rubin  and  Mr.  McCaw  in  Northern  Rhodesia  a  very  heavy  and 
trying  task  has  fallen.  They  had  to  encounter  similar,  and  even  greater 
difficulties  than  those  encountered  by  Mr.  Simms — to  train  natives  in 
heliograph  signalling,  a  matter  of  the  greatest  difficulty,  as  natives  are  only 
willing  to  take  short  periods  of  service,  and  quit  the  work  almost  before 
they  are  trained.  They  have  now  devised  simpler  methods,  which  natives 
can  be  readily  taught,  and  which  are  not  liable  to  failure.  In  this  and.* 
many  other  ways  they  have  shown  an  infinity  of  resource  in  trying  and- 
difficult  circumstances.  [ 

The  survey  owes  much  to  the  services  of  Mr.  Robinson,  who  has  been" 
long  at  the  head  of  the  computing  staff,  and  has  raised  himself  by  his^ 
energy  and  talent  to  that  position  from  that  of  a  computer  at  the  Obser-\ 
vatory.     Mr.  Lowinger  has  done  valuable  work  in  a  like  capacity.  \ 

To  these  men  and    their  cordial  cooperation  the  success  of    the   ^ 
geodetic  survey  is  due.  \ 

I  cannot  conclude  without  an  expression  of  regret  that,  on  account  of      I 
the  present  financial  depression  in  South  Africa  generally,  it  has  been      ^ 
found  impossible  to  commence  the  topographic  survey,   of  which   the       \ 
country  stands  so   much   in  need   and  for  which  the   geodetic   survey        \ 
furnishes  so  reliable  a  basis.  i 

I  cannot  think  that  this  most  necessary  work,  for  which  all  the  pre- 
liminary arrangements  have  been  made,  can  now  be  long  delayed,  and  1 
I  venture  to  hope  that  the  influence  of  the  opinion  of  this  Association  | 
may  be  exercised  in  the  way  of  directing  the  attention  of  Ministers  to  the 
wisdom  of  making  an  early  beginning  of  the  work.^^^^^^  by  GoOqIc 
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Apioidal  Binary  Star-systems, 
By  Alexander  W.  Roberts,  D./Sc,  F.B,A,S. 

[Ordered  by  the  General  Committee  to  be  printed  in  esctenso.'] 

I.  General  StcUeinenL 

DuRiNO  the  past  ten  years  a  notable  extension  has  taken  place  in  the  area 
of  variable  star  research. 

The  scope  of  this  branch  of  astronomy  is  no  longer  simply  the  ascer- 
tainment of  the  period  and  amplitude  of  variation  of  such  stars  as  fluctuate 
regularly  in  brightness,  or  even  the  determination  of  the  form  and 
character  of  their  light-curve.  Variable  star  research  goes  beyond  this 
into  a  region  of  investigation,  where  it  marches  with  the  great  subjects  of 
cosmic  physics  and  the  evolution  of  binary  systems. 

Thus  the  study  of  variable  stars,  or  at  least  the  study  of  a  certain  type 
of  variable  star,  includes  an  inquiry  into  the  conditions  of  magnitude, 
movement^  and  position  that  underlie  such  changes  in  brightness  as  obser- 
vation reveals  to  us. 

One  of  the  most  important  of  the  recent  developments  in  this  direction 
is  that  dealing  with  the  orbital  elements,  dimensions,  density,  tidal  pul- 
sations, and  secular  changes  of  that  remarkable  class  of  stars  which  for 
want  of  a  better  name  we  may  call  apioidal  binary  systems. 

I  propose  in  the  present  paper  considering  how  far  variable  star 
research  has  led  us  in  an  inquiry  of  such  interest  and  importance  as  that 
just  indicated.  I  shall  confine  myself  exclusively  to  an  exposition  of  the 
practical  side  of  the  subject.  As  is  well  known,  there  is  a  wide  field  of 
inquiry  dealing  with  the  theoretical  aspects  of  the  problem.  The  classical 
researches  of  Darwin  and  Poincar^  on  the  evolution  and  figure  of  two 
rotating  masses  of  matter  are  the  most  valuable  contribution  to  our 
theoretical  knowledge  in  this  direction.  Indeed,  long  before  observation 
added  its  testimony  in  proof  of  the  existence  of  such  strange  systems  as 
egg-shaped  or  pear-shaped  stars,  Darwin,^  from  theoretical  considerations 
alone,  defined  their  form  and  described  their  life-history,  thus  becoming 
the  honoured  pioneer  in  this  wide  field  of  astronomical  discovery.  Such 
intimate  relation  between  theory  and  observation  is  happily  not  rare  in 
the  histoiy  of  scientific  progress. 

Practical  work  on  the  subject  of  apioidal  or  prolate  binary  systems 
dates  only  from  the  close  of  last  century  ;  but  to  understand  the  nature 
and  importance  of  the  discoveries  which  made  it  possible  even  to  enter 
upon  a  practical  consideration  of  the  problem  it  is  necessary  to  go  some 
way  back  in  the  history  of  variable  star  research. 

In  1784  Goodricke  of  York  discovered  the  variation  of  the  bright  star 
/3  Lyrce,  Goodricke  was  able,  from  his  own  carefully  made  observations, 
to  indicate  the  principal  features  of  the  light-changes  of  this  remarkable 
star,  but  he  was  not  able  to  offer  any  explanation  of  the  peculiar  character 
of  its  variation. 

In  1858  Argelander  published  his  unrivalled  series  of  observations  of 
/3  Lyr(B^^  deducing  from  them  a  light-curve  of  such  surpassing  accuracy 

■  Figures  of  Eqnilibrltim  of  Rotaimg  Masses  of  Vluid,  Phil,  Trans.  li»8.,  vol. 
clxxviii.  pp.  379. 428.  r^  r^r\n]o 

«  De  Stella  fi  Lffra  vaHaHli,  Cmmentatio  altera.  Digitized  by  >^UU^IL 
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that  it  still  remains  the  basis  of  all  refined  investigation  dealing  with  the 
variation  of  /3  Lyrce  and  stars  of  the  same  peculiar  type.  But  progress 
for  full  thirty  years  more  ended  here.  What  conditions  of  motion  or 
position,  what  chemical  or  physical  forces,  produced  the  definite  changes  in 
brightness  described  so  fully  by  Goodricke  and  Argelander  remained  an 
unbroken  secret. 

In  1891  Professor  Pickering  ^  from  spectroscopic  observations  made  at 
Harvard  found  ft  LyrcR  to  be  composed  of  two  stars  revolving  round  each 
other  in  a  period  synchronous  with  the  alternations  in  brightness  of  the 
dual  system.  This  discovery  was  subsequently  abundantly  confirmed  by 
Lockyer,*  Belopolsky,*  Vogel/  and  Sidgreaves.*  It  proved  incontestably 
that  the  variation  of  fi  Lyrce  was  connected  in  no  indefinite  way  with  the 
movements  round  one  another  of  the  component  stars.  The  immediate 
cause  of  variation  might  be  eclipse,  or  tidal  ebb  and  fiow,  or  cycles  of  heat 
and  light  waves  duo  to  changes  in  surface  pressure.  It  might  be  all  these 
and  much  more,  but  the  primal  cause  of  the  star's  variation  was  its 
duplicity  ;  it  varied  in  brightness  because  it  was  a  binary  system,  and 
this  was  a  discovery  of  no  mean  value.  It  meant  an  advance  from  a 
region  pf  uncertainty  and  conjecture  to  one  of  certainty  and  pregnant 
facts. 

The  discoveries  of  Pickering  and  other  spectroscopistjs  were  farther 
enhanced  in  value  by  the  detection  of  new  variable  stars,  both  in  the 
northern  and  southera  hemispheres,  whose  light-changes  were  almo&t  an 
exact  replica  of  those  of  (i  Lyrm, 

Up  till  1892  fi  Lyrm  stood  alone,  sui  generis^  a  class  by  itself.  Its 
variation,  therefore,  was  regarded  as  anomalous,  and  probably  due  to 
anomalous  causes.  When,  however,  observational  research  revealed  the 
fact  that  /3  Lyrce^  instead  of  being  the  sole  representative  of  a  very  dis- 
tinct type  of  variation,  was  the  prototype  of  an  ever-increasing  class  of 
variable  stars,  the  problem  of  its  variation  became  forthwith  an  investi- 
gation of  far-reaching  importance  and  scope. 

In  1897  Myers  ^  pushed  the  investigation  to  its  legitimate  issue  by 
determining  the  orbital  elements  of  fl  Lyrce  from  an  examination  of  its 
light- curve. 

This  was  followed  by  a  similar  investigation  of  the  variation  of  the 
northern  star  U  Fegasi,"^ 

The  writer  had  meantime  been  following  out  the  same  line  of  research 
at  Lovedale,  and  a  preliminary  consideration  of  the  light- fluctuations  of 
certain  southern  stars,  especially  that  of  the  close  binary  system  V  Ptippis^^ 
indicated  the  need  for  more  refined  methods  of  observation  if  the  results 
sought  were  to  have  any  pretensions  to  accuracy. 

The  results  sought  were  the  form,  figure,  size,  density  of  those  stars 
that,  from  their  analogy  to  /3  Lyrce,  were  binary  systems.  In  addition  to 
the  determination  of  these  more  easily  ascertained  orbital  elements  there 
arose  out  of,  and  indeed  formed  part  of  the  investigation,  the  question  of 

^  JttronomUche  NachriolUen^  No.  3061. 

^  Astronomy  and  Astrophyncs,  vol.  ziii.  p.  575. 

'  Melanges  Mathhnatiqnes  et  Astronomiques,  tome  viL  p.  423. 

*  Sitzung$herichte,  Berlin,  February  8,  1894. 

*  Monthly  Notices  R.A.S.,  vol.  Izlv.  p.  168, 

*  Astrophjfsical  Journal^  vol.  vil.  p.  1. 
^  Ibid.,  vol.  viii.  p.  163. 

■  Tbid.t  vol.  xiii.  p.  177.  (^  ^ 
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the  revolution  in  space  of  tlie  line  of  apsides,  the  intricate  pi-oblem  of  the 
influence  of  eccentricity  of  orbit  on  prolateness  of  figure,  and  the  stili 
more  obscure  matter  of  the  gradual  recession  of  the  component  stars  from 
one  another.  And  the  datum  on  which  an  investigation  of  this  nature 
and  scope  depended  was  a  variation  never  much  greater  than  half  a 
magnitude,  an  alteration  in  brightness  inappreciable  to  an  untrained  eye. 
If  a  candle  be  placed  at  a  distance  of  100  yards,  and  its  light  estimated, 
it  will  at  once  be  averred,  that  no  eye  or  instrument  can  measure  the 
change  in  brightness  consequent  on  the  candle  being  shifted  one  yard 
nearer  the  observer.  Yet  such  an  apparently  inappreciable  change  in 
brightness  is  five  times  greater  than  the  value  on  which  such  a  determina- 
tion as  that  of  the  alteration  in  figure  due  to  eccentricity  of  orbit  depends. 

It  is  evident,  therefore,  that  to  arrive  at  results  of  any  weight  or  value 
in  the  cosmical  problem  of  stellar  evolution  there  must  be  as  premises 
observations  of  great  refinement. 

In  1900  I  had  constructed  by  Cooke  of  York  a  telescope  of  a  peculiar 
pattern  (a  pattern  suggested  by  Sir  David  Gill),  by  means  of  which  I  was 
able -to  obtain  observations  of  far  greater  accuracy  than  could  be  secured 
by  an  ordinary  telescope.  The  accuracy  attained  was  such  as  to  warrant 
entering  upon  a  systematic  observation  of  all  southern  close  binary 
systems  with  a  view  to  a  definite  determination  of  their  form,  dimensions, 
movements,  and  density. 

Four  apioidal  binary  systems  are  under  constant  observation  at 
Lovedale,  and  already  over  10,000  observations  have  been  secured  of  one 
of  the  most  remarkable  of  these  stars,  viz,,  RR  Centauri.  A  preliminary 
determination  of  the  orbital  elements  of  this  star,^  as  well  as  the  densities 
of  the  other  four,  have  *  already  been  published.  It  is  hoped  that  in 
1906  this  inquiry  may  be  extended  to  northern  stars  of  the  close  binary 
type,  so  that  any  general  consideration  of  the  whole  problem  may  rest  on 
a  common  method  of  observation. 

II.  Particular  Exposition  of  the  Problem. 

If  two  stars  form  a  binary  system  there  are  three  ways  of  arriving  at 
a  knowledge  of  the  main  facts  of  figure,  motion,  mass,  and  density  ;  but 
no  single  method  yields  a  full  knowledge  of  these  orbital  elements.  Each 
method  has  its  limits,  but  each  is  supplementary  of  the  other. 

It  will  make  for  brevity  if  we  state  in  order  the  various  values  which 
fix  the  dimensions,  size,  and  position  of  any  binary  system. 

1.  The  period  of  revolution. 

2.  The  size  of  the  orbit. 

3.  The  eccentricity  of  the  orbit. 

4.  The  position  of  the  orbit  in  space. 
6.  The  inclination  of  the  orbit 

6.  The  size  and  form  of  the  component  stars. 

7.  The  mass  of  the  components. 

8.  The  density  of  the  components. 

9.  The  surface  brightness  of  the  components. 

It  is  evident  that  determinations  of  the  value  of  any  of  the  above 
elements,  made  at  different  dates,  will  yield  evidence  of  any  secular 
change.  Such  determinations  are  of  special  interest  when  the  eccentricity, 
distance,  figure,  and  brightness  of  the  component  stars  are  in  question. 

'  Monthly  Notices  R.A.S.,  vol.  Ixiii.  p.  627.  oia  tized  bv  GoOqIc 

*  Astraphytical  Jaumal,  vol.  z.  p.  308 ;  Nature,  Ko.  1663,  p.  468.        o 
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a.  If  the  two  components  of  a  binary  system  are  so  far  apart  that 
they  can  be  readily  discerned  in  a  telescope  as  two  points,  or  even  as 
an  elongated  point  of  light,  then  visual  observations,  when  caref  ally  made 
and  correctly  treated,  will  yield  1,  3,  4,  and  5. 

This  method  of  inquiry  will  not  furnish  any  information  regarding 
2,  6,  7,  8,  and  9  unless  the  distance  of  the  system  is  known,  as  in  the 
case  of  a  Centauri  and  Sirius,  and  then  forthwith  2  and  7  are  also 
known. 

The  relation  which  exists  between  the  visual  observations  of  wicle 
binary  systems  and  the  elements  of  the  system  have  been  set  forth  by 
many  astronomers.  The  writer  has  found  the  formulae  given  by  Asaph 
Hall '  the  most  convenient  in  practice. 

It  must  be  remembered  that  as  yet  no  close  binary  system  has  been 
separated,  or  even  elongated,  by  any  telescope,  however  powerful.  I  am 
not  without  hope,  however,  that  one  day,  and  that  not  remote,  this  may 
be  accomplished,  especially  in  the  case  of  vast  systems  like  V  Puppis, 

b.  If  the  system  is  bright  enoagh  to  come  within  spectroscopic  range, 
as  in  the  case  of  many  wide  and  close  binary  systems,  then  this  examina-^ 
tion  yields  1 ,  2,  3,  and  7.  Spectroscopic  observations  yield  no  clue  to  3, 
6,  8,  and  9. 

The  equations  connecting  line  of  sight  observation  with  the  elements 
of  a  binary  system  have  been  set  forth  with  groat  fulness  by  Lehmann- 
Filhes.^  I  have  found,  however,  the  simpler  relations  established  by 
Rambaut '  quite  as  convenient  in  practice. 

c.  If  two  stars  of  a  close  binary  system  revolve  in  a  plane  so  situated 
that  they  mutually  eclipse  each  other,  it  is  evident  that  the  regular  ebb 
and  flow  of  light  thus  brought  about  will  be  a  measure  of  the  brightness, 
size,  position,  and  figure  of  the  component  stars.  If,  accordingly,  we 
determine  from  observation  the  variation  of  a  close  binary  system  we  have 
the  means  of  ascertaining  1,  3,  5,  6,  8,  and  9.  The  relation  existing 
between  these  elements  and  the  light>curve  of  an  apioidal  binary  system 
has  been  set  forth  by  the  writer  in  a  paper  recently  published  in  the 
*  Monthly  Notices '  of  the  Royal  Astronomical  Society.^ 

The  value  of  this  method  of  investigation  when  available,  as  against 
a  and  6,  is  at  once  evident.  We  know  six  elements  out  of  the  nine,  only 
2,  4,  and  7  remaining  unknown.  Indeed,  with  our  present  limitations,  it 
is  only  through  the  avenue  of  stellar  variation  that  we  can  amve  at  any 
knowledge  whatever  of  the  size  and  shape  of  a  star. 

We  may  group  the  preceding  statements  in  a  table,  thus  : — 


5 
A 
C 


1  1 

3 

's    ' 

4        1 

A      ■ 

__ 

A 

A 

B      ' 

B 

B 



c    1 

— 

C 

— 

It  is  clear  from  this  table  that  B  and  G  alone  will  determine  all  the 
elements  of  an  apioidal  binary  system,  with  the  exception  of  4,  the  position 
of  the  line  of  nodes. 

*  AstronomicalJoumal,  No.  324,  p.  89. 
'  Attrcnomische  NackrichUn,  No*  3242. 

"  Monthly  Notices  R  A.S.,  vol.  li.  p.  316.  r^  t 

*  Ibid,,  vol.  Ixiii.  p.  627.  ^  zed  by  V^OOglC 
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III.  Particular  Stars. 

There  are  eight  systems — four  in  the  northern  and  four  in  the  southern 
sky — known  with  certainty  to  belong  to  the  apioidai  class  of  variable 
stars.  The  light-changes  of  six  of  these,  all  typical  stars,  have  been 
determined  with  some  accuracy.     The  six  stars  are  : — 


No. 

Star 

Position  1900 

VariaUon 

Period 

H.      K.         B. 

o 

/ 

K.      K. 

D.     H.       M.         B. 

2852 

V  PuppU 

7     55    22 

-48 

58-4 

4-7-5-3 

1     10    54    27 

8055 

X  Carinoi 

8    29      7 

-58 

63-2 

7'9-8-7 

1       1     59      0 

509D 

BR  CentauH 

14      9     55 

-57 

23-3 

7-4-7-8 

0    14     32      7 

6758 

fi  Lyrat 

V  VulpectOa 

18    46    23 

+  33 

14-8 

3-5-4-6 

12    21     59     10 

7394 

20    82     17 

+  26 

15-4 

8-2-9-8 

75      0      0      0 

8598 

U  Pegan 

23    52    53 

+  15 

23-9 

9-3-9-9 

0      8    59    41 

The  light-curve  of  each  of  the  above  stars  is  given  in  the  appendix  to 
this  paper.  During  the  past  two  years  I  have  been  occupied  in  carrying 
out  a  rigorous  investigation  of  these  curves,  and  it  may  be  of  interest  to 
state  briefly  the  results  already  arrived  at.  Under  the  second  part  of 
the  appendix  to  this  paper  the  more  precise  numerical  values  will  be 
given. 

V  Puppis  {ch.  2862)^ 

The  variation  of  this  star  was  discovered  by  Williams  ^  in  1886  and 
its  duplicity  by  Pickering  in  1896.^  It  has  been  under  observation  at 
Lovedale  since  1891.  An  examination  of  its  light-curve  indicates  a 
slightly  efliptical  orbitj  but  spectroscopic  observations  do  not  as  yet  con- 
firm this. 

The  component  stars,  which  are  apparently  equal  in  size,  but  slightly 
unequal  in  brightness,  do  not  quite  touch  one  another.  A  gap  equal  to 
the  tenth  part  of  either  of  their  diameters  divides  them. 

When  fission  in  this  very  interesting  system  took  place  it  is  impossible 
to  say ;  but  reasoning  from  the  analogy  of  tfl  Lyrce,  the  birthday  of 
V  Puppis  is  but  in  the  yesterdays  of  astronomical  time.  Probably 
400,000  years  is  an  outside  limit  for  its  age  as  two  separate  stars. 

Both  stars  are  considerably  flattened ;  and  there  is  evidence  in  the 
light-curve,  of  great  tidal  pulsations  due  to  the  slightly  eccentric  orbit  of 
the  system. 

Each  component  of  V  Puppis  measures  16,000,000  miles'  along  its 
greatest  diameter ;  the  total  mass  of  the  system  is  equal  to  310  suns  ;  the 
density,  however,  is  only  0*02,  that  is,  the  stars  are  two  vast  gaseous 


X  CarifUB  (eh.  3056). 

The  variation  of  this  star  was  discovered  at  Lovedale  twelve  years 
ago.     It  is  too  faint  to  come  within  spectroscopic  range. 

The  mean  light-curve  indicates  that  X  Carince  is  composed  of  two 
stars,  almost  equal  in  size  and  brightness,  moving  round  each  other, 
practically  in  contact,  in  an  orbit  only  slightly  eccentric. 


Attrcnomitehe  Nahriehti-n,  Ko.  8410. 

Harvard  Circular,  No.  21. 

Harvard  Annals t  vol.  xxviii.,  pt.  2,  p.  177. 
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The  density  of  the  ajstem  is  only  0  05,  that  is,  the  stars,  like  those 
that  form  V  Puppis,  are  gaseous  masses.  There  is  no  definite  evidence  of 
great  tidal  movements. 

ItR  Centauri  {ch,  6099). 

This  variable  is  in  some  respects  the  most  remarkable  star  of  the 
apioidal  binary  type.  The  two  stars  forming  the  system  are  not  merely 
in  contact,  they  slightly  coalesce,  thus  forming  one  dumbbell  body.  As 
might  be  expected,  the  prolateness  of  figure  of  both  components  is  much 
greater  than  we  find  in  the  case  of  any  other  star  of  the  same  class. 

The  light-curve,  which  is  very  regular,  indicates  a  slightly  elliptical 
orbit. 

The  density  of  the  system  is  0*25,  and  there  is  evidence  of  tidal  con- 
traction and  expansion. 

The  variation  of  JiR  Centaitri  was  discovered  at  Lovedale  in  1894,  and 
during  the  past  four  years  it  has  been  under  constant  observation.  The 
Oxford  wedge  photometer  has  also  been  used  by  the  writer  in  estimating 
the  amplitude  of  its  variation. 

3  LyriB  (ch,  6768). 

This  is  the  typical  star  of  the  apioidal  type.  For  over  a  hundred 
years  it  has  been  more  or  le^  undpr  constant  photometric  observation,  and 
of  late  years  the  spectroscope  has  added  its  tale  of  information  regarding 
the  size  and  motion  of  this  distant,  giant  system.  All  observers — 
Argelander  (1840-1859),  Schur  (1878-1885),  Markwick  (1898-1901), 
Belopolsky  (1897)— agree  in  their  testimony  that  the  orbit  of  /}  Lyrce  is 
slightly  eccentric.  There  is  also  distinct  evidence  of  a  secular  change  in 
the  position  of  the  orbit  in  space ^  but  this  cannot  definitely  be  attested  to 
before  a  rigorous  inquiry  into  the  cliaracter  and  extent  of  tidal  perturba- 
tions has  been  carried  out.  One  secular  drift  is,  however,  beyond  doubt, 
viz.,  the  slow  but  steady  secession  of  the  component  stars  from  one 
another.  This  change  is  so  important  a  matter  in  the  problem'  of  stellar 
evolution  that  I  may  be  'pardoned  stating  the  facts  more  fully  in  the 
form  of  a  table. 

The  value  of  the  various  periods  is  obtained  from  an  examination  of 
all  available  data. 


Date 

Period  from  Obser- 
vations 

Computed  Distance 

Computed  Distance 
in  miles 

40,000,000 
40,024,000 
40,039,000 
40,050,000 
40,058,000 
40,065,000 
40,072,000 

1780 
1800 
1820 
1840 
1860 
1880 
1900 

H.     M.      M.     B. 

12     21-9  150 
26  11-9 
36  37-2 
43  29-7 
48  54-2 
54     1-8 
59   9-6 

1-0000 
•0006 
•0010 
•0012 
•0014 
•0016 

10018 

During  the  past  hundred  years  the  component  stars  of  /3  Lyr(B 
have  receded  from  one  another  at  least  50,000  miles,  a  small  distance 
truly  in  stellar  measurement ;  but  then  a  century  is  in  astronomical 
reckoning  a  palti^  fraction  of  time.  What  would  such  a  recession  amount 
to  in  1.000,000  yea».1  o,i..e...GoOgle 
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In  diameter  ft  Lyres  is  equal  to  fifty  suns,  and  in  mass  sixty-eight. 
Yet  the  density  is  indeed  smal],  being  only  0'0003  of  that  of  the  Sun. 

The  component  stars  though  nearly  equal  in  size  are  very  unequal  in 
brightness,  one  star  being  two  and  a  half  times  brighter  than  the  other. 

The  amount  of  flattening  is  equal  to  that  of  VPujypis  and  X  CarincB. 
The  present  seems  a  suitable  opportunity  for  the  statement  that  no  reflne- 
ment  of  observation  or  analysis  will  distinguish  between  a  prolate  spheroid 
and  an  egg-shaped  body.  It  would  require  an  accuracy  of  observation 
correct  to  O^'OOl  to  reveal  the  difference  between  a  spheroid  of  two  and 
an  ellipsoid  of  three  unequal  axes. 

V  Vidpecula  (cA.  7394). 

This  recently  discovered  variable  ^  will  probably  supply  questions  of  no 
common  interest  in  connection  with  the  many-sided  problem  of  close 
binary  systems.  I  have  in  a  recent  paper  to  the  Royal  Astronomical 
Society  called  attention  to  the  remarkable  rarity  of  this  star.  Its  density 
is  only  0*00002,  that  of  the  Sun  being  unity. 

If  now  we  take  this  value  and  place  it  alongside  the  long  period  of  the 
star,  seventy-five  days,  we  are  impelled  in  the  direction  of  assuming  that  in 
the  case  of  V  VtUpeeulce  we  have  two  vast  nebulous  orbs,  the  protoplasm 
of  worlds  in  the  making,  circling  round  each  other  in  measured  motion. 

The  component  stars  of  this  system  are  nearly  in  contact,  and  the 
prolateness  of  their  figure,  evident  from  the  form  of  the  light-curve, 
also  points  to  a  distinctly  eccentric  orbit. 

U  Pegast  {ch.  S69S). 

All  our  valuable  observations  of  this  star — and  they  are  exceptionally 
so— we  owe  to  Pickering.*  His  photometric  measures  indicate  a  system  in 
direct  contrast  with  that  of  V  Vtdpeculce, 

U  Pegasi  fulfils  its  period  in  nine  hours  ;  V  Vulpeciiloi  in  seventy-five 
days.  The  density  of  the  former  star  is  0*36  ;  that  of  the  latter,  as  we 
have  seen,  0*00002.  It  would  appear  that  in  the  case  of  U  Pegasi  we  have 
a  system  not  materially  different  from  what  our  Earth  and  Moon  were  at 
the  genesis  of  the  latter.  The  density  is  probably  the  same,  and  the 
period  of  U  Pegasi  not  much  greater  than  that  of  the  Earth-Moon  system 
at  the  critical  bipartition  stage. 

There  is  this  difference,  however,  that  in  the  case  of  U  Pegasi  the  two 
components  are  practically  equal  in  size,  though  distinctly  unequal  in 
brightness.  The  existence  of  vast  U  PegaM  tides  is  made  evident  by  the 
slightly  unequal  brightness  of  successive  maxima. 

IV.  General  Conclusions, 

From  the  foregoing  considerations  of  certain  close  binary  systems  it  is 
evident — 

(1)  That  density  of  all  stars  of  this  class  is  exceedingly  small.  It  will 
be  found  that  the  average  density  of  the  six  stars  dealt  with  in  this  paper 
is  013  that  of  the  Sun. 

(2)  All  stars  of  this  type  are  prolate  in  figure,  the  amount  of  flattening 
depending  roughly  on  the  nearness  of  the  stars  to  one  another. 

*  British  Attron4fmical  Journal,  vol.  xv.  p.  200. 
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(3)  The  component  stars  of  close  binary  systems  move  in  almost  cir- 
cular orbits.  In  no  case  is  the  eccentricity  of  motion  greater  than  01  ; 
the  average  eccentricity  of  the  six  stars  considered  is  one  fourth  of  this. 

(4)  There  is  evidence  of  a  rhythmical  change  of  figure  due  to  eccen- 
tricity of  orbit. 

(6)  There  is  distinct  evidence  in  the  case  of  fl  Lyra  of  a  recession 
between  the  two  component  stars.  This  recession  is  gnulually  diminishing 
in  rate. 

(7)  There  is  also  evidence  in  the  case  of  /3  Iajt(b  of  a  secular  change  in 
1^e  direction  of  the  line  of  apsides. 

There  are  certain  general  conclusions  that  arise  out  of  a  wider  view  of 
the  subject.     Two  of  these  may  be  stated. 

(1)  The  study  of  close  binary  systems,  whether  photometric  or  spectro- 
scopic, is  of  extreme  interest  as  leading  directly  to  the  great  cosmic 
question  of  the  evolution  of  stellar  systems ,  The  only  practical  mode  of 
dealing  with  the  Earth's  probable  past  is  by  a  searching  inquiry  into  the 
present  of  such  stars  as  /i  Lyrm  and  V  Puppi8, 

(2)  In  order  that  we  may  afford  to  future  investigators  data  by  which 
they  may  estimate  such  secular  changes  as  take  centuries  to  unfold,  it  is 
laid  upon  us  to  secure  as  full  and  as  accurate  a  series  of  observations  of 
all  close  binary  systems  as  possible, 

I  think  it  is  often  forgotten  what  we  owe  to  posterity  in  this  respect. 
The  present  investigation  is,  I  hope,  an  attempt  to  discharge  some  of 
that  debt. 
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Period  of  star    . 
Eccentricity  of  orbit . 
Position    of    apeidal 

line 
Inolination  of  orbit  . 
Size    of     tlie    orbit 

(miles) 
Distance  of  ilie  stars 

from   one  another, 

t)]e  seml-maior  axis 

being  unity 
Prolateness  of  stars   . 
Relatiye  sijse  of  stars 
Belatire  brightness  of 

stars 
Density  of  the  system 

(Sun's  density  being 

unity) 
Mass  of   Uie   siystem 

(Sun's  mass   being 

unity) 
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Star  Streaming,    By  Professor  J.  C,  Kapteyn. 
[Ordered  by  the  General  Ck)inmittee  to  be  printed  in  eaetento.'] 

In  deriving  the^  constant  of  precession,  and  in  investigating  the  motion  of 
the  sun  throagh  space,  it  is  asual  to  start  from  the  hypothesis  that  the 
real  motions  of  the  stars,  the  so-?alled  peculiar  motions,  have  no  preference 
for  any  particular  direction. 

Of  late  I  have  found  anomalies  in  the  distribution  of  the  appareiit 
proper  motions,  of  so  strongly  systematic  a  character  that  I  feel  convinced 
that  we  are  compelled  to  give  up  this  hypothesis. 

It  will  be  the  aim  of  Uiis  paper  to  show  the  nature  of  these  anomalies, 
and  to  explain  the  conclusion  to  which  they  lead  us. 

It  is  only  just  to  mention  that  as  early  as  1895  Kobold  called  atten- 
tion to  a  fact  which  seems  incompatible  with  a  random  distribution  of  the 
direction  of  the  motion  of  the  stars.  Had  Koboid  been  more  successful 
in  separating  the  systematic  motions  of  the  stars  from  the  displacements 
caused  by  the  sun's  motion,  he  would  probably  have  been  led  to  conclusions 
similar  to  those  which  I  am  now  about  to  submit  to  you. 

In  order  to  show  clearly  the  anomaly  in  the  distribution  of  the  proper 
motions  here  alluded  to,  it  will  be  necessary  to  call  to  mind  how  this 
distribution  must  present  itself  if  the  hypothesis  of  the  random  orienta- 
tion of  the  motions  were  really  satis6ed. 

For  this  purpose  consider  a  great  number  of  stars  very  near  each  other 
on  the  sphere,  say  all  the  stars  of  such  a  small  constellation  as  the  Southern 
Cross.  For  convenience'  sake  we  will  even  assume  them  to  be  all 
apparently  situate  in  the  same  point  S  (fig.  1,  P)  of  the  sphere,  though  not 
in  space,  because  their  distance  would  be  different. 

The  peculiar  proper  motions  of  these  stars  will  be  distributed  some* 
what  in  the  manner  indicated  in  fig.  1,  P. 

In  addition  to  this  motion,  which  represents  the  real  motion  of  the 
stars  as  seen  projected  on  the  sphere,  they  will  have  an  apparent  motion, 
the  parallactic  motion,  which  is  due  to  the  observer's  own  motion,  or  say 
the  motion  of  the  solar  system,  through  space. 

These  parallactic  motions,  we  all  know,  are  directed  away  from  the 
apex,  which  is  the  point  where  the  sun's  motion  prolonged  meets  the 
sphere.  For  all  the  stars  at  S  the  parallactic  motion  will  be  directed 
along  fib. 

The  motions  as  really  observed  are  the  resultant  of  the  peculiar  and 
the  parallactic  motion. 

Thus  for  the  star  whose  peculiar  motion  is  SB,  let  S/}  be  the  parallactic 
motion,  then  the  observed  motion  of  that  star  will  be  S6.  Likewise  the 
observed  proper  motion  of  the  star  having  the  peculiar  motion  SC  will  be 
SCf  and  so  on. 

Making  the  composition  for  all  the  stars  of  fig.  1,  P,  we  get  the  really 
observable  motions  distributed  as  in  fig.  1,  Q. 

From  this  it  must  be  evident  that  whereas,  according  to  the  hypothesis, 
the  distribution  of  the  jyecuHar  motions  would  be  radially  symmetrical, 
this  symmetry  will  be  destroyed  for  the  observed  proper  motions.      qqIc 

There  will  be  a  strong  preference  for  motions  directed  towards  the 
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antapex.  (See  Q.)  One  thing,  however,  must  be  clear,  and  we  want  no 
more  for  what  follows  ;  it  is  that  there  will  remain  a  hUateral  symmetry^ 
the  line  of  symmetry  being  evidently  the  line  aSa;  through  the  apex,  the 
star,  and  the  antapex. 

Near  to  this  line^  oYi  the  antapex  side,  the  proper  motions  will  be 
most  numerous,  and  they  will  be  greater  in  amount. 

This  evident  condition  of  bilateral  symmetry  would  furnish  probably 
the  best  means  of  determining  the  position  of  the  apex.  For  if  from  all 
our  data  about  proper  motion  we  determine  these  lines  of  symmetry  for 
several  points  of  the  sky  and  prolong  them,  they  must  all  intersect  in 
two  points,  which  are  no  other  than  the  apex  and  the  antapex. 

In  trying  to  realise  this  plan  we  must  meet  with  the  difficulty  that  on 
account  of  errors  of  observation  and  the  restricted  number  of  stars 
included  in  the  investigation  we  must  be  prepared  to  find  in  reality  no 
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such  perfect  symmetry  as  theory  demands.  For  the  lines  of  symmetry  we 
shall  thus  have  to  substitute  lines  giving  the  nearest  approach  to  symmetry. 
Their  position  will  depend,  at  least  to  a  certain  extent,  on  what  we  choose 
to  consider  as  *  the  nearest  approach  to  symmetry.' 

If  we  call  the  required  line  of  symmetry  the  axis  of  the  aj,  the  line  at 
right  angles  thereto  the  axis  of  the  y,  then  we  may,  for  instance,  define 
that  position  of  the  a;-axis  as  the  line  of  greatest  symmetry,  which  makes 
z*^o  the  sum  of  the  y  s 

The  lines  of  symmetry  furnished  by  this  definition,  prolonged,  will  not 
pass  through  a  single  point ;  they  will  all  cross  a  certain  more  or  less 
extended  area,  the  centre  of  gravity  of  which  might  be  taken  as  the  most 
probable  position  of  the  apex. 

Drawing  great  circles  through  this  apex,  we  must  necessarily  find  ^em 
diverging  pomewhat  from  the  lines  of  best  symmetry  in  different  parts  of 
the  sky.  ^  t 

Digitized  by  VjOOQ IC 


ON  STAR  STREAMING. 


259 


If,  however,  our  hypothesis  of  random  orientation  is  approximately 
true,  the  divergences  will  be  small.  The  sum  of  the  proper  motions  at 
right  angles  to  these  circles  will  be  nearly  zero  in  every  part  of  the 
sky. 

Not  only  that,  but  we  will  have  further  to  expect  that  any  oirher 
condition  of  symmetry  will  be  approximately  fulfilled,  too,  for  every  point 

FiQ.  2. 


Arrows  point  to  the  apparent  vertices : 

A-  8fi«»  D=  -11<» 

S60<»  -48° 

obtained  from  dtreot  and  retrograde  pan.  respectively. 


of  the  sky.  Such  another  condition  will  be,  for  instance,  that  on  both 
sides  of  the  great  circles  through  the  apex  the  total  quantity  of  proper 
motions  shall  be  the  same,  or,  again,  that  Ific  shall  be  the  same  on  both 
^des  of  these  circles. 

How  the  first  of  these  conditions  is  satisfied  is  shown  in  fig,  2.     This 
figure  summarises  the  more  important  points  in  regard  to  the  question 
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in  hand.  They  show  in  compact  form  the  results  of  a  complete  treatment 
of  the  proper  motions  of  all  the  stars  observed  in  both  co-ordinates  by 
Bradley  (over  2,400  stars).  These  stars  are  distributed  over  two-thirds 
of  the  whole  of  the  sky.  This  surface  has  been  divided  up  into  twenty- 
eight  areas. 

From  the  stars  contained  on  each  area  I  have  derived  the  distribution 
of  the  proper  motions  corresponding  to  the  centre  of  the  area.  How  this 
was  done  need  not  here  be  explained.  The  whole  of  the  materials  were 
thus  embodied  in  twenty-eight  figures,  like  those  of  ^g.  2,  each  of  which 
shows  at  a  glance  the  distribution  of  the  proper  motions  for  one  particular 
region  of  the  sky. 

Not  to  overburden  the  plate  I  have  only  included  ten  of  the  figures, 
for  which  the  phenomenon  to  which  I  wish  to  draw  your  attention  is  most 
marked. 

It  is  very  suggestive  that  these  lie  all  near  to  the  poles  of  the  Milky 
Way. 

The  figures  have  been  constructed  as  follows  :  A  line  has  been  drawn 
making  the  angle  of  15°  with  the  great  circle  through  the  apex,  the  length 
of  which  represents  the  sum  of  all  the  proper  motions  making  angles  of 
between  0®  and  30°  with  that  circle. 

In  the  same  way  the  radius  vector  of  45°  represents  the  sum  of  all  the 
motions  between  30°  and  60°,  and  so  on. 

For  the  sake  of  uniformity  all  the  results  have  been  reduced  to  what 
they  would  have  been  had  the  total  number  of  stars  been  the  same  for  all 
the  twenty-eight  areas. 

In  order  still  better  to  show  the  important  points  in  the  distribution 
of  the  p.m.  those  parts  of  the  figures  between  the  radii  vectores  making 
angles  of  zero  and  —60°,   +60°  and  +180°  have  been  blackened. 

The  position  adopted  for  the  apex  is  practically  that  found  by  a  variety 
of  methods  all  more  or  less  akin  to  that  described  a  moment  ago. 

If  the  random -distribution  hypothesis  were  true,  and  if  in  consequence 
thereof  the  symmetry  of  our  figures  were  complete,  the  blackened  parts  of 
the  figures  would  liave  been  equal  to  the  corresponding  lighter-tinted 
parts  in  the  way  of  fig.  1,  R. 

The  real  state  of  things  is  something  quite  different,  and,  what  is  all- 
important,  we  see  at  once  that  the  divergences  are  strikingly  systematic. 
The  figures  at  each  pole  of  the  Milky  Way  show  them  in  nearly  every 
particular  of  the  same  character.  Near  the  North  Pole  the  blackened 
parts  are  invariably  much  greater  ;  at  the  South  Polo  the  case  is  re- 
versed. 

At  a  first  glance  the  difference  of  the  more  extensive  parts  on  the 
side  of  the  antapex  is  the  most  striking.  As  a  matter  of  fact^  however, 
the  difference  between  the  smaller  parts  is  by  no  means  less  important. 

For  many  of  you  the  way  in  which  the  second  of  the  above  conditions 
is  satisfied,  or  rather  not  satisfied,  will  be  still  more  convincing. 

For  each  of  the  twenty-eight  regions  the  mean  value  of  the  x  com- 
ponent of  the  proper  motions  has  been  computed  separately  for  those 
lying  on  the  two  sides  of  the  great  circle  through  the  apex. 

If  there  were  real  symmetry  the  two  ought  to  show  insignificant 
differences.  The  following  table  shows  the  value  of  the  difference  as 
really  found.  Mean  values  were  computed  for  different  galactic  latitudes 
by  combining  the  results  of  regions  at  equal  distances  from  the  Milky 
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Gal.  lat. 


Apex: 

A 

^  .    D 


o 

-40  to 

-20  „ 

0  „ 

+    1  » 

+  21  „ 

+  41  „ 


-1)0 
-39 
-19 
+  20 
+  40 
+  90 


Mean  Centennial 
Motion 


«•» 


«L 


Mean  Value  of  Kb,    Xj,  (Centennial   > 
Motions)  I 


273  6 
+  29-5 


291 
+  34 


276 
4  19 


+  5-5 
+  4-7 
+  31 
+  2  3 
+  2-4 
+  2-2 


»' 

>' 

ff 

If 

+  1-3 

+  4-2 

+  3  6 

+  3  2 

+  25 

+  2-2 

+  16 

+  2-4 

+  1-3 

+  1H 

+  1-2 

+  1-4 

+  2  3 

00 

-10 

+  03 

+  4-8 

-24 

-2  5 

-1-7 

+  70 

-4-8 

-3-8 

-49 

This  table  has  been  separately  derived  for  stars  of  Secchi's  first  and 
second  types,  and  for  those  whose  spectrum  has  not  yet  been  determined. 

The  result  has  been  practically  the  same  for  all. 

Also  the  other  component  of  the  proper  motion  at  right  angles  to  the 
former  has  been  investigated.     Corresponding  divergences  are  shown. 

Finally,  in  the  distribution  of  the  number  of  proper  motions  over  tlio 
four  quadrants  the  phenomenon  is  as  evident  as  it  is  in  our  table  of  the 

About  its  reality  there  thus  cannot'  be  the  slightest  doubt. 

To  what  is  it  to  be  attributed  1 

The  amount  of  the  divergences  summarised  in  fig.  2  and  in  our 
table  is  so  enormous  that  an  explanation  of  them  by  an  uncertainty 
of  the  precession,  or  about  the  systematic  corrections  required  by  Bradley's 
observations,  is  at  once  excluded.  Besides,  for  both  the  elements  the 
best  available  values  have  been  used. 

More  probable  seems  an  error  in  the  adopted  position  of  the  apex. 
A  glance  at  our  fig.  2  may  even,  perhaps,  seem  to  favour  such  a  view, 
though  a  closer  examination  will  show  that  by  displacing  this  point  we 
shall  certainly  not  succeed  in  making  the  phenomenon  disappear.  To 
show  this  more  convincingly  I  have  repeated  the  calculations,  on  which 
our  table  rests,  for  two  other  positions  of  the  apex,  one  differing  widely 
in  right'  ascension,  the  other  in  declination.  The  results  are  shown  in 
the  table.     They  are  practically  the  same  as  before. 

Or  have  wo  to  do  with  a  common  motion  of  the  whole  of  the  stars 
which  have  contributed  to  any  one  of  our  figures  1 

Such  an  explanation,  too,  fails.  Systematic  motion  of  this  kind  will 
make  the  lines  of  symmetry  diverge  from  the  great  circles  through  the 
apex.  I  therefore  investigated  what  becomes  of  our  results  if  /or  ecLch  of 
our  twenty-eight  areas  I  took  for  the  line  of  symmetry,  not  the  great  circle 
through  the  apex,  but  the  line  which  for  every  particular  area  separately 
satisfied  rigorously  the  condition  £y=0. 

Even  with  regard  to  tliese  lines  the  character  of  the  phenomenon  is 
not  changed.  This  proves  the  inadmissibility  of  an  explanation  by  local 
common  motion. 

As,  moreover,  in  this  case  the  adopted  position  of  the  apex  acts  no 
part  whatever,  it  proves  even  more  conclusively  than  the  preceding 
consideration  that  the  phenomenon  exists  independently  of  errors  in  the 
determination  of  the  apex. 

In  order  to  find  out  what,  then,  may  be  the  real  cause  ol^t  I  finally 

set  to  work  as  follows  : —  Digitized  by  CiOOQIc 
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I  took  in  hand  first  the  distribution  of  the  numbers  of  the  proper 
motions  over  the  angles  of  position,  counted  from  the  line  towards  the 
antapex. 

Were  the  hypothesis  of  random  distribution  of  the  directions  satis- 
fied, these  numbers,  too,  ought  to  show  the  bilateral  symmetry.  Only  in 
the  apex  and  the  antapex  itself,  where  the  parallactic  motion  disappears, 
we  would  still  have  radial  symmetry. 

For  all  the  regions  at  the  same  distance  from  the  apex  and  antapex 
we  would  expect  quite  similar  figures. 

Now  since  in  reality  each  figure  shows  anomalies,  I  made  mean  figures 
by  combining  together  the  data  embodied  in  cUl  the  figures  having  the 
same  distance  (or  rather  sine  of  the  distance)  approximately  from  the 
apex  and  antapex. 

So,  for  instance,  were  the  results  of  twelve  such  figures  as  those  of 
fig.  2,  of  which  the  sine  of  the  distance  from  the  apex  lies  between  0 '9  and 
I'O,  summarised  in  a  single  set  of  results. 

This  mean  set  proved  to  be  all  but  perfectly  symmetrical,  and  duly 
gave  the  maximum  frequency  for  the  direction  towards  the  antapex. 
For  these  reasons  I  felt  myself  justified  provisionally  to  adopt  this  set  as 
representing  the  normcd  distribution  for  the  corresponding  distance  from 
the  apex  ;  that  is,  I  supposed  that  this  distribution  would  nearly  repre- 
sent the  distribution  corresponding  to  a  set  of  proper  motions,  really 
satisfying  the  random-distribution  hypothesis  cleared  of  the  inequalities 
which  it  is  our  purpose  to  find  out. 

In  the  possession  of  this  normal  distribution  we  now  at  once  obtain 
these  inequalities  themselves  by  simply  subtracting  the  normal  numbers 
from  the  corresponding  ones  found  directly  from  the  observations  for  the 
xridividudL  regions. 

It  thus  appeared  that  these  inequalities  consist  in  a  manifest  excess 
of  proper  motions  in  certain  determinate  angles  of  position. 

These  favoured  directions  have  been  carefully  determined  for  each  of  our 
twenty -eight  areas.  The  greater  part  of  them  clearly  show  two  favoured 
directions.     For  a  minority  but  one  of  the  maxima  is  well  developed. 

A  careful  glance  at  fig.  2  even  shows  these  maxima  already  tolerably 
well. 

Entering  the  two  sets  of  favoured  directions  on  a  globe  brought  out 
the  very  striking  fact  that  the  directions  of  each  set,  separately,  converged 
approximately  to  a  single  point.  For  the  one  set  the  approximation  is 
an  exceedingly  good  one ;  for  the  other  it  is  only  tolerable.  A  better 
approximation,  however,  was  not  to  be  expected  in  this  case,  because  the 
proper  motions  on  which  it  rests  are  far  smaller,  consequently  far  less 
rigorously  determined  by  observation. 

The  two  points  lie  some  140°  apart;  the  one  some  7°  south  of 
a  Orionisy  the  other  a  couple  of  degrees  south  of  rj  Sagiltarii, 

What  this  fact  means  is  clear. 

When  we  see  that  the  motions  of  a  certain  group  of  stars  converge  to 
a  same  point  on  the  sphere  we  conclude  either,  that  the  real  motions  of 
the  stars  are  in  reality  parallel,  or  that  the  motion  is  only  apparent  and 
due  to  a  motion  of  the  observer  in  the  opposite  direction.  As  long  as  we 
have  no  fixed  point  of  reference  we  cannot  decide  between  the  two. 

When  we  see  two  groups  of  stars  converging  towards  two  different 
points  the  latter  explanation  fails,  at  least  for  one  of  the  groups,  bei^use 
the  observer  can  have  but  one  motion.  .     •    Digitized  by  GoOgi 


ON  stah  streaming.  263 

From  the  facts  set  forth  in  what  precedes  we  must,  therefore,  at  once 
conclude  that  one  of  our  sets  must  have  a  real  systematic  motion  in 
respect  to  the  other. 

We  can  even  take  one  further  step.  As  early  as  18-1:3,  Bravais  has 
shown,  in  a  paper  to  which  sufficient  attention  hsB  not  been  paid,  that,  no 
matter  how  systematic  the  motions  of  any  group  of  stars  may  be,  we 
can  determine  the  motion  of  the  solar  system  with  respect  to  the  centre 
of  gravity  of  that  group.  Therefore,  if  for  the  present  we  take  the 
centre  of  gravity  of  all  the  Bradley  stars  as  a  fixed  point  of  reference, 
we  can  determine  the  direction  of  the  sun's  motion.  As  far  as  I  know 
no  extensive  determination  of  the  solar  apex  has  as  yet  been  made, 
rigorously  on  the  basis  of  Bravais'  theory.  *  But,  for  reasons  into  which  we 
cannot  enter  here,  the  result  can  hardly  differ  from  the  best  of  our  modern 
determinations,  made  by  other  methods.  This  position  coincides  with 
neither  of  the  two  points  found  just  now. 

We  thus  get  a  clear  indication  that  we  have  to  do  with  two  star- 
streams,  parallel  to  the  lines  joining  our  solar  system  to  the  two  points 
mentioned. 

That  the  method  is  not  rigorous,  that,  therefore,  the  directions  here 
found  cannot  lay  claim  to  any  great  accuracy,  may  be  left  out  of  con- 
sideration for  the  present.  But  what  is  important  to  note  is  :  (1)  that 
the  directions  are  only  apparent  directions  ;  that  is,  directions  of  the 
motion  relative  to  the  solar  system.  (2)  That  if  it  be  true  that  two 
directions  of  motion  predominate  in  the  stellar  world,  then,  if  we  refer 
all  our  motions  to  the  centre  of  gravity  of  the  system,  these  two  main 
directions  of  motion  must  be  in  reality  diametrically  opposite.  Some 
reflection  must  convince  you  that  it  must  be  so,  and  I  will  not,  therefore, 
stop  to  demonstrate  it. 

For  the  sake  of  brevity  I  will  call  the  points  of  the  sphere  towards 
which  the  star-streams  seem  to  be  directed  the  vertices  of  the  stellar 
motion. 

The  apparent  vertices  were  thus  provisionally  found  to  lie  south 
of  a  Orionis  and  17  Sagittarii,  Knowiiig  with  some  approximation  the 
velocity  of  the  sun's  motion  as  compared  with  the  mean  velocity  of  the  stars, ^ 
it  is  easy  to  derive  from  the  apparent  positions  of  the  vertices  their  trv^ 
positions,  which  must  lie  at  diametrically  opposite  points  of  the  sphere. 

Having  once  got  what  I  considered  to  be  the  clue  to  the  systematic 
divergences  in  the  proper  motions,  and  having  at  the  same  tim^v  obtained 
an  approximation  for  the  position  of  the  vertices,  I  have  made  a  more 
rigorous  solution  of  the  problem. 

I  will  not  here  enter  into  the  details  of  that  solution.  In  order  to 
prevent  misconception,  however,  it  will  be  well  to  state  expressly  that  the 
existence  of  two  main  stream-lines  does  not  imply  that  the  real  motions 
of  the  stars  are  all  exclusively  directed  to  either  of  the  two  vertices  ; 
there  is  only  a  decided  preference  for  these  directions.  In  my  solution  I 
have  assumed  that  the  frequency  of  other  directions  becomes  regularly 
smaller  as  the  angle  with  the  main  stream  becomes  greater,  according  to 
the  most  simple  law  of  which  I  could  think,  which  makes  the  change 
dependent  on  a  single  constant. 

I  have  as  yet  only  finished  a  first  approximation  to  the  solution. 
The  result  is  that  one  of  the  true  vertices  lies  very  near  to  i  Orionis ; 

*  Sach  a  detormi nation  is  now  being  made  by  one  of  my  students. 
'  For  the  mean  velocity  of  the  stars  see  Attr,  Nachr.^  Ko.  3487.         t 


264  ,    REPORT— 1905* 

the  other,  diametrically  opposite,  is  not  near  any  bright  star.  They  have 
been  represented  by  the  letter  V  in  fig.  2.  They  lie  almost  exactly  in  the 
central  line  of  the  Milky  Way.  Adopting  Gould's  co-ordinates  of  the 
pole  of  this  belt,  I  find  the  galactic  latitude  to  be  two  degrees. 

I  will  pass  over  the  other  quantities  involved,  but  will  only  mention 
that  the  way  in  which  I  conducted  the  solution  points  to  the  conclusion 
that  all  the  stars,  without  exception,  belong  to  one  of  the  two  streams. 
To  my  regret  I  must  pass  over  also  the  detailed  comparison  of  theory 
and  observation,  because  the  detailed  determination  of  the  distribution 
of  the  proper  motions  from  the  data  of  our  solution  is  such  a  laborious 
question  that  I  have  not  yet  made  it,  and  would  rather  defer  it  till  the 
real  existence  of  the  streams  shall  have  been  tested  by  other  observations 
presently  to  be  considered.  I  will  only  state  that  by  thi)  provisional 
solution  the  totcU  amount  of  dissymmetry  for  our  twenty-eight  regions  is 
reduced  for  the  x  components  as  well  as  for  the  y  components  to  about 
a  third  of  their  amount  in  the  hypothesis  of  random  distribution  of  the 
directions.     Moreover,  they  have  lost  their  systematic  character. 

The  observations  alluded  to  as  a  test  of  the  theory  are  those  of  the 
radial  velocities. 

.  I  suspect  that  the  materials  for  a  cruc  ial  test  of  the  whole  theory  by 
means  of  these  radial  velocities  are  even  now  on  hand  in  the  ledgers  of 
American  astronomers ~ alas  !  not  yet  in  published  form. 

It  is  this  fact  which  long  restrained  me  from  publishing  anything 
about  these  systematic  motions,  which,  in  the  main,  have  been  known  to 
me  for  three  years. 

If  I  do  not  hesitate  to  publish  them  now  it  is  in  the  hope  of  eliciting 
such  spectroscopic  data,  without  which  a  further  development  of  the  theory 
had  perhaps  better  come  to  a  standstill. 

If  these  spectroscopic  observations  confirm  the  theory  we  may  safely  go 
on.  If  they  do  not,  they  will  undoubtedly  help  to  find  the  true  explana- 
tion of  the  dissymmetries  summarised  in  such  figures  as  those  of  fig.  2  and 
in  our  table,  the  real  existence  of  which  is  demonstrated  beyond  a  doubt. 

Further  labour  devoted  to  a  false  theory  would  be  thrown  away. 

In  the  meanwhile  it  seems  well  worth  the  trouble  to  see  what  evidence 
can  already  be  got  on  the  question  even  from  the  scanty  materials  which 
have  become  public  property. 

Unfortunately  we  here  meet  with  some  difficulties,  which  singularly 
diminish  the  value  of  any  conclusions  that  might  otherwise  still  have 
considerable  weight. 

Firat,  wo  have  to  exclude  a  relatively  large  number,  which,  probably 
or  certainly,  do  not  give  a  fair  idea  of  the  whole.  As  such  I  consider  the 
stars  only  observed  because  of  their  excessive  astronomical  proper  motioni 
or  selected  from  a  larger  list  on  account  of  exceptionally  large  velocity. 

Further,  exclude  the  Orion  stars  which  seem  to  be  nearly  at  rest  in 
space  ;  their  relation  to  the  system  must  be  somewhat  exceptional* 
There  remain  78  stars.  I  have  added  46  spectroscopic  binaries,  though 
the  true  velocity  of  their  centres  of  gravity  has  been  determined  only  in 
a  few  cases.  I  was  mostly  compelled  to  adopt  as  such  the  mean  of  the 
greatest  and  smallest  of  observea  velocities. 

Small  though  the  collection  be,  it  still  offers  one  formidable  difficulty. 

Great  part  of  it  belongs  to  the  very  brightest  stars  in  the  sky.  For 
these  Campbell  has  discovered  the  extremely  important  fact  that  they 
have  smaller  motions  than  the  mean  of  the  fainter  stars. 
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What  may  be  the  cause  ? 

Light  will  be  thrown  thereon  if  more  ample  data  confirm  what  I 
found  from  my  scanty  store,  apparently  even  more  decisively  than 
Campbell's  phenomenon,  viz.,  that  these  stars  also  lead  to  a  veiy  small 
velocity  of  the  solar  system. 

For  this  would  make  us  conclude  that  the  stars  nearest  to  the  solar 
system  partly  participate  in  its  motion.  The  conclusion  is  strengthened 
by  various  considerations,  into  which  time  does  not  allow  me  to  enter  now. 

On  the,  other  hand  there  were  very  serious,  though  perhaps  not 
insuperable,  objections  which  would  rather  make  us  seek  an  explanation 
in  quite  another  quarter,  and  which  at  least  compel  us  to  wait  for  further 
information. 

But,  whatever  may  be  the  cause  of  the  phenomenon,  whether  it  be 
cosmical  or  even  only  instrumental,  we  must  expect  that  the  spectroscopic 
observations  of  the  bright  stars  will  show  the  phenomenon  of  the  star- 
streams  less  strongly  than  will  the  observations  of  fainter  stars  ;  and  as 
our  list  is  made  up  in  great  part  of  such  bright  objects  we  must  expect  to 
find  Uieir  influence  show  in  a  somewhat  less  marked  degree  than  we 
would  be  led  to  imagine  from  the  considerations  of  this  paper,  which  are 
based  on  the  whole  of  the  stars  down  to  the  ninth  magnitude. 

Now  this  is  just  what  we  find  to  be  the  case. 

I  find,  arranging  in  order  of  the  distances  from  the  nearest  of  the 
vertices  : — 


Real  velocity  in  Uic  line  of  sight 


Mean  distance  from 
nearest  vertex 


o 

31 
69 
79 


Mean 
Amplitude 


Obs.  vcloc 


17'37 
13-78 
1116 

14-25 
6-21 
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Number  of 
stars 
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21-76 
15-98 
1315 


17-23 
860 


0-827  X  Thcor. 


17  99 
13  22 

10-87 

H-25 
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The  phenomenon  is  clearly  shown.  The  observed  numbers,  however, 
are  only  nearly  83  per  cent,  and  the  observed  amplitude  but  72  per  cent. 
of  the  theoretical  value. 

A  small  but  independent  contribution  is  furnished  by  nine  stars  of 
which  the  radial  velocity  has  been  published  on  account  of  its  unusually 
large  amount.  If  our  theory  is  correct  the  largest  radial  motions  must 
be  far  more  numerous  near  the  vertices  than  at  a  greater  distance.  The 
nine  stars  in  question  are  more  thickly  crowded  (if  such  a  word  may  be 
used  of  so  small  a  number)  within  43  degrees  from  the  vertices  than  in 
the  rest  of  the  sky  in  the  proportion  of  three  to  one. 

Taking  the  evidence  for  what  it  is  worth,  we  may  say  that  it  confirms 
the  theory.  The  proof  is  not  convincing,  however,  and  I  will  conclude  by 
giving  expression  to  my  hopes  that  those  who  are  in  a  position  to  test  the 
whole  theory  by  more  extensive  and  more  reliable  materials  will  not 
neglect  to  do  so. 

A  few  hundreds  of  stars,  not  pertaining  to  the  Orion  stars,  and  fainter 
than  magnitude  3*5,  must  probably  be  sufficient  for  the  pnrpose>  t 
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Recent  Developments  in  Agricultural  Science, 
By  A.  D.  Hall,  M.A, 

[Ordered  by  the  General  Ck>iiimibtee  to  be  printed  in  extenso.] 

In  dealing  with  the  science  applied  to  a  particular  industry  like  agri- 
culture it  is  convenient  to  draw  a  distinction  between  the  class  of 
investigations  which  seem  to  be  contributions  to  knowledge  pure  and 
simple  and  those  which  aim  at  an  immediate  bearing  upon  practice. 
Both  must  be  regarded  as  equally  'pure'  science,  since  both  should  call 
for  the  same  qualities  of  imagination  and  exact  reasoning  which  charac- 
terise true  scientific  work  ;  but*while  the  one  may  appeal  readily  to  the 
intelligent  practical  man,  the  value  of  the  other  can  only  be  appreciated 
by  the  expert.  The  dividing  line  between  these  two  branches  of  the  sub- 
ject is  never  a  sharp  one  ;  indeed  the  most  abstract  and  remote  investi- 
gations are  always  cutting  into  the  region  of  practice  in  a  wholly 
unexpected  fashion  ;  but  still  the  distinction  I  have  indicated  can  be 
readily  felt.  To  take  an  example — for  the  proper  interpretation  of  many 
questions  connected  with  the  texture  of  soils  and  their  behaviour  under 
cultivation — it  is  necessary  to  arrive  at  a  clearer  understanding  than  we 
now  ppssess  of  the  intimate  causes  which  lead  the  finest  particles  of 
material  like  clay  to  unite  together  into  floccules,  or  coagula,  under  the 
influence  of  traces  of  dissolved  salts.  Such  investigations  will  touch  upon 
some  of  the  most  debatable  ground  belonging  to  the  theory  of  solutions 
and  the  constitution  of  matter,  and  can  never  be  made  intelligible  to  the 
practical  man  himself  ;  yet  a  knowledge  of  their  results  may  be  indis- 
pensable to  the  expert  whom  he  consults  about  the  character  or  management 
of  his  land,  however  trivial  and  workaday  the  actual  question  may  seem. 

In  any  agricultural  experiment  station  worthy  of  its  name,  place 
should  be  found  for  investigations  of  this  latter  class ;  unfortunately 
many  such  institutions  are  under  the  necessity  of  showing  'results' 
which  immediately  appeal  to  the  practical  man  and  may  be  taken  to 
justify  the  expenditure  of  public  money  ;  so  that  it  is  only  by  side  issues, 
as  it  were,  and  by  degrees,  as  the  general  public  can  be  brought  to  trust 
its  scientific  men,  that  such  work  will  be  undertaken. 

It  is  not  my  purpose,  however,  to  deal  to-day  with  this  fonn  of 
abstract  research.  I  rather  propose  to  point  out  certain  lines  of  work  in 
agricultural  science  which  are  now  being  pursued  with  increasing  vigo*jr, 
and  which,  from  the  very  outset,  promise  to  have  considerable  appli- 
cations in  practical  life. 

It  is  in  the  domain  of  agricultural  bacteriology  that  perhaps  the 
greatest  progress  has  been  recently  made,  in  the  main  progress  in  con- 
nection with  that  perennial  problem — the  sources  of  the  nitrogen  of 
vegetation.  From  the  very  beginnings  of  agricultural  chemistry,  which 
we  may  very  well  date  from  the  publication  of  De  Saussure's  '  Recherches 
Ohimiques  sur  la  V^g^tation'  in  1804,  discussion  has  raged  round  this 
point.  Liebig,  in  his  famous  report  to  this  Association  in  1 842,  regarded 
the  atmosphere  as  the  source  of  the  nitrogen  contained  in  the  plant ;  but 
in  the  long  controversy  that  followed,  the  view  finally  prevailed  that  the 
plant  was  only  able  to  utilise  already  combined  nitrogen  in  the  soil,  so 
conclusive  seemed  the  experiments  conducted  by  Boussingault  and  by 
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Lawes,  Gilbert,  and  Pugh  at  Rothamsted.  But  a  fresh  turn  was  given  to 
the  whole  question  by  the  discovery  made  by  Hellriegel  and  Wilfarth  in 
1 887  that  the  leguminous  plants  in  virtue  of  the  bacteria  living  symbio- 
tically  in  the  nodules  on  their  roots  were  able  to  fix  atmospheric  nitrogen. 
From  that  time  research  has  been  directed  towards  the  problem  of 
utilising  and  rendering  more  effective  this  particular  Jiacterium  radicicola. 
Widely  distributed  as  it  is  in  the  soil,  it  is  yet  not  universally  present^; 
heaths  and  peaty  soils,  for  example,  that  have  never  been  under  culti- 
vation frequently  lack  it  entirely  ;  consequently,  it  is  impossible  to  obtain 
a  satisfactory  growth  of  leguminous  crops,  upon  which  in  many  cckses  the 
possibility  of  successful  reclamation  is  based,  until  this  class  of  land  has 
been  inoculated  with  the  appropriate  organism. 

Again,  although  but  one  species  of  bacterium  seems  to  exist,  yet 
several  investigators  have  found  that  by  its  continued  existence  in  sym- 
biosis with  particular  host  plants  it  has  acquired  a  certain  amount  of 
racial  adaptatiop,  so  that,  for  example,  clover  will  flourish  best  and 
assimilate  the  most  nitrogen  if  it  be  inoculated  with  the  organism  from  a 
previous  growth  of  clover,  and  not  from  a  pea  or  a  bean  plant 

The  conclusion  naturally  follows  that  it  may  be  necessary  to  inocu- 
late each  leguminous  crop  with  its  appropriate  organism  in  order  to 
secure  a  maximum  yield.  The  first  practical  efforts  in  this  direction  did 
not,  however,  meet  with  much  success  :  the  cultivations  used  for  inocu- 
lation were  weak,  and,  when  sown  with  the  seed,  in  many  cases  died 
before  infection  took  place.  Even  when  the  formation  of  nodules  followed, 
yet  the  assimilation  of  nitrogen  was  not  great.  The  question  in  fact 
turns  upon  the  degree  of  '  virulence '  possessed  by  the  sub-cultures  used 
for  inoculation.  It  is  well  known  with  other  bacteria  how  their  specific 
actions  may  become  entirely  modified  by  growing  on  particular  media,  or 
at  a  high  temperature,  and  even  by  long-continued  growth  under  labora- 
tory conditions. 

B,  radicicola  does  not  develop  very  freely  on  the  ordinary  media  used 
for  the  cultivation  of  bacteria,  nor  can  it  be  made  to  Hyi  much  free  nitrogen 
when  removed  from  the  host  plant.  In  particular  it  is  maintained  that 
the  medium  used,  gelatine  with  an  infusion  of  some  leguminous  plant, 
causes  the  organism  to  lose,  to  a  very  large  extent,  its  power  of  fixing 
nitrogen,  because  it  contains  so  much  combined  nitrogen.  G.  T.  Moore, 
for  instance,  says  :  *  As  a  result  of  numerous  trials,  however,  it  has  been 
found  that  although  the  bacteria  increase  most  rapidly  upon  a  medium  rich 
in  nitrogen,  the  resulting  growth  is  usually  of  very  much  reduced  virulence ; 
and  when  put  into  the  soil  these  organisms  have  lost  the  aVnlity  to  break  up 
into  the  minute  forms  necessary  to  penetrate  the  root-hairs.  They  likewise 
lose  the  power  of  fixing  atmospheric  nitrogen,  which  is  a  property  of  the 
nodule-forming  bacteria  under  certain  conditions/  Latterly  the  sub- 
cultures have  been  made  on  media  practically  free  from  nitrogen,  on  agar 
agar,  for  example,  or  on  purely  inorganic  media,  supplied,  of  course,  with 
the  oarbohydrate,  by  the  combustion  of  which  is  to  be  derived  the  energy 
necessary  to  bring  the  nitrogen  into  combination. 

In  example  of  the  two  preparations  now  being  distributed  on  a  com- 
mercial scale,  the  one  sent  ott  by  Professor  Hiltner,  of  the  Bavarian 
Agricultur-botanische  Anstalt,  consists  of  tubes  of  agar  which  have  to 
be  rubbed  up  in  a  nutrient  solution  containing  glucose,  a  little  peptone, 
and  various  salts,  and  this  after  growth  has  begun  is  distributed  over  the 
soil  or  the  seeds  just  before  sowing.     Moore,  of  the  U.S.A.  Department 
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of  Agriculture,  finding  that  the  bacterium  will  resist  drying,  dips  strands 
of  cotton-wool  into  an  active  culture  medium  and  then  dries  them.  The 
cotton-M'ool  is  then  introduced  into  a  solution  containing  maltose, 
potassium  phosphate,  and  magnesium  sulphate ;  in  a  day  or  two  growth 
becomes  active,  and  the  solution  is  distributed  over  soil  or  seed. 

It  is  too  early  yet  to  determine  what  measure  of  success  has  been  at- 
tained by  these  inoculations  with  pure  cultures  ;  but  in  considering  the 
ftsults  a  sharp  distinction  must  be  drawn  between  their  use  on  old  cultivated 
land,  such  as  we  are  dealing  with  in  the  United  Kingdom,  and  under  the 
conditions  which  prevail  in  new  countries  where  the  land  is  often  being 
brought  under  leguminous  crop  for  the  first  time.  Few  of  our  English 
fields  have  not  carried  a  long  succession  of  crops  of  clover,  beans,  vetches, 
and  kindred  plants  ;  the  Bacterium  radicicola  is  abundant  in  the  soil ; 
and,  however  new  the  leguminous  plant  that  is  introduced,  infection 
takes  place  unfailingly,  and  nodules  appear.  It  is  true  that  the  organism 
causing  nodulation  may  not  belong  to  the  particular  racial  adaptation 
most  suited  to  the  hast  plant,  and  that  in  consequence  an  intKulation 
from  a  suitable  pure  culture  might  prove  more  effective.  Again,  it  is 
possible  that  even  a  plant  like  clover,  which  would  be  infected  at  once 
through  the  previous  growth  of  the  crop,  might  be  made  a  greater  collector 
of  nitrogen  through  the  introduction  of  a  race  of  bacteria  which  had 
acquired  an  increased  virulence  ;  but  in  either  of  these  cases  the  most 
that  could  be  expected  from  the  inoculation  w^ould  be  a  gain  of  10  per 
cent,  or  so  in  the  crop.  This  great,  though  limited,  measure  of  success 
depends  upon  two  things— on  obtaining  races  of  li.  radicicola  possessing 
greater  virulence  and  greater  nitrogen-fixing  power  than  the  normal  race 
present  in  the  soil,  and  again  on  the  possibility  of  establishing  this 
race  upon  the  leguminous  crop  under  ordinary  field  conditions,  when  the 
introduced  organisms  are  subject  to  the  competition  both  of  kindred 
bacteria  and  of  the  enormous  bacterial  flora  of  any  soil.  Up  to  the 
present  all  evidence  of  greater  nodule- forming  power  and  increased 
virulence  of  the  artificial  cultures  has  been  derived  from  experiments 
made  under  laboratory  conditions  without  the  concurrence  of  the  mass 
of  soil  organisms. 

In  the  other  case,  however,  where  new  land  is  being  brought  under 
cultivation  and  leguminous  crops  are  being  grown  for  the  first  time, 
there  can  be  no  doubt  of  the  great  value  of  inoculation  with  these  pure 
cultures  of  the  nitrogen-fixing  organism.  An  example  is  afforded  in 
^gyp^  where  land  that  is  'salted,'  alkali  or  'brak'  soil,  is  being  re- 
claimed by  washing  out  the  salt ;  inoculation  may  be  necessary  before 
a  leguminous  crop  can  be  started  on  such  new  land,  though  in  many 
cases  the  Nile  water  used  for  irrigation  is  quite  capable  of  effecting 
inoculation.  The  body  of  evidence  brought  together  by  the  United  States 
Department  of  Agriculture  is  very  convincing,  and  shows  in  repeated 
examples  that  the  use  of  Moore's  cultures  has  enabled  farmers  to  obtain  a 
growth  of  lucerne  and  kindred  plants,  which  before  had  been  impossible. 
In  view  of  the  economic  importance  the  lucerne  or  alfalfa  crop  is 
assuming  in  all  semi-arid  climates,  the  financial  benefit  to  the  farming 
community  is  likely  to  be  great  and  immediate.  And  since  in  the 
development  of  South  African  farming  the  lucerne  crop  is  likely  to 
become  very  prominent,  both  as  the  most  trustworthy  of  all  the  fodder 
crops  and  as  the  one  which  brings  about  the  maximum  enrichment  of 
the  soil  by  its  growth,  the  behaviour  of  the  lucerne  plant  as  regards 
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bacterial  infection  in  South  African  soils  is  worthy  of  most  careful 
investigation.  It  is  necessary  to  know  to  what  extent  nodules  are  formed 
when  lucerne  is  planted  on  new  soils  in  South  Africa,  as,  for  example,  on 
freshly  broken-up  veldt ;  the  condition  of  the  organisms  within  the  nodule 
should  be  investigated,  so  as  to  ascertain  if  improvement  be  possible  by 
inoculation  from  pure  cultures,  either  imported  or  prepared  de  novo  from 
lucerne  within  the  country.  These  and  kindred  questions  connected  with 
the  symbiosis  of  the  nitrogen-fixing  organism  and  the  leguminous  plants 
must  to  a  large  extent  be  worked  out  afresh  in  each  country,  and  South 
Africa,  with  its  special  conditions  of  soil  and  climate,  cannot  take  on  trust 
the  results  arrived  at  in  Europe  or  Ameriqa. 

I  have  spoken  of  the  enrichment  of  the  soil  due  to  growing  lucerne, 
caused  by  the  decay  of  the  great  root  residues  containing  nitrogen 
derived  from  the  atmosphere ;  an  enrichment  which  is  quite  inde- 
pendent of  the  amount  of  similarly  combined  nitrogen  taken  away  in 
the  successive  crops  of  leafy  growth.  Some  of  the  Rothamsted  experi- 
ments show  very  clearly  how  great  the  gain  may  be.  In  the  first  place 
I  will  call  your  attention  to  the  effect  of  a  crop  of  red  clover  grown  in 
rotation  upon  the  crops  which  succeed  it,  since  in  the  Agdell  rotation- 
field  we  get  a  comparison  between  plots  growing  red  clover  once  every 
four  years  and  other  plots  on  which  a  bare  fallow  is  substituted  for  tlie 
clover. 

Tablb  I. 


Haunring  for  Swede  Crop 
only 

Clover 
1884. 

Wlieat,  1895 

BootP,  1896 

Fal-    ^'^/,  due  to  , 
low    ^**»^^'  Clover  ; 

1               1 

Barley,  1897 

After 
Fal- 
low 

After 
Clover 

lb. 
6.180 
5,809 

Increase 
due  to 
Clover 

After    .  ,t^^  Incre<i8e 

low    C'**^"^  Clover 

1           1 

Mineral  Maiiuro 
Complete  Manure 

Cwt.       lb. 
697      4,n0 
76-7    1  4,M7 

III               1 
Percent.    Cwt.  1  Cwt.  Percent. 
+2J-7       1791  ■  844-6     +80-6 
+  14-6       879-8    S88-8       +8*4 

[                         .                1 

lb.        lb.    Pprceut 
8J0S     3.99*.     +89  8 
3,696    4,913     4-367 

The  table  shows  that  in  one  particular  case,  when  an  extra  large  crop 
of  clover  was  grown,  notwithstanding  the  fact  that  the  clwer  plots 
yielded  between  three  and  four  tons  per  acre  of  clover  hay,  yet  the  wheat 
crop  which  followed  this  growth  of  clover  was  15  per  cent,  better  than 
the  wheat  crop  following  the  bare  fallow.  The  swede  turnip  crop,  which 
followed  the  wheat,  although  similarly  and  heavily  manured  on  both  plots, 
continued  to  be  better  where  the  clover  had  been  grown  two  years 
previously  ;  and  even  the  barley,  which  came  next,  three  years  after  the 
clover,  showed  a  decided  superiority  on  the  clover  land.  Thus  a  clover 
cix)p,  itself  wholly  removed  from  the  ]and,  exercised  a  marked  influence 
for  good  on  at  least  the  three  succeeding  crops  grown  under  the  ordinary 
conditions  of  farming.  Next  we  can  make  a  comparison  between  red 
clover  and  lucerne.  On  some  of  the  Rothamsted  plots  various  leguminous 
plants  have  been  grown  for  many  years,  with  indifferent  success  indeed, 
because  of  the  well-known  reluctance  of  the  land  to  support  such  crops 
except  at  intervals  of  four  or  more  years.  Eventually  the  plots  on  which 
these  indifferent  crops  had  been  secured  were  ploughed  up  and  sown  with 
wheat  without  any  manure.  In  five  years  the  wheat  was  thus  grown  on 
the  residues  left  in  the  soil  by  the  previous  leguminous  crops,  and  from 
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the  table  will  be  seen  the  comparative  value  of  these  residues  in  the  ease 
of  lucerne  and  red  clover. 

Table  II. 


Harvest 

Grain 

Total  Produce 

After  Lucerne 

After  Red 
Clover 

Bushels 
430 
19*1 
21-4 
17-7 
16-7 

After  Lucerne 

lb. 

8,108 
4,564 
4,054 
3,553 
3,036 

23,304 

After  Red 
Clover 

1899 
1900 
1901 
1902 
1903 

Bushels 
39-3 
28-9 
270 
20-1 
199 

lb. 

8,505 
2,992 
8,185 
3,023 
2,628      , 

Total       . 

135-2 

117-9 

20,283 

As  we  have  previously  seen  how  great  the  benefit  of  a  single  year's 
growth  of  red  clover  may  be  on  the  succeeding  crops,  an  idea  can  be 
formed  from  the  comparison  in  the  latter  table  of  how  much  more  lucerne 
may  contribute  towanls  building  up  a  fertile  soil ;  a  point  which  was  very 
markedly  brought  out  in  the  experiments  of  the  late  Mr.  James  Mason. 

The  question  of  the  fixation  of  atmospheric  nitrogen  by  bacterial 
JEtgencies  aoes  not,  however,  end  with  the  organisms  living  symbiotically 
on  the  leguminous  plants,  for  several  other  organisms  have  latterly  been 
discovered  which  possess  the  power  of  fixing  nitrogen  independently, 
provided  they  are  supplied  with  the  necessary  nutriment.  Of  late  atten- 
tion has  been  chiefly  directed  to  a  conspicuous  organism  known  as 
Azotobacter  chroococcum,  which  may  be  readily  identified  in  most  cultivated 
soils.  The  impure  cultures  (which  may  be  quickly  obtained  by  introducing 
a  trace  of  soil  into  a  medium  containing  no  nitrogen,  but  a  little  phosphate 
and  other  nutrient  salts,  together  with  one  or  two  per  cent,  of  mantkite 
or  other  carbohydrate)  ^x  nitrogen  with  considerable  activity  ;  in  one 
case,  for  example,  when  working  with  a  Bothamsted  soil,  as  much  as 
19  mg.  of  nitrogen  were  fixed  for  each  gram  of  mannite  employed  and 
partisdly  oxidised.  But  Beyerinck,  the  discoverer  of  the  organism,  now 
attributes  the  nitrogen  fixation  to  certain  other  organisms  which  live 
practically  in  symbiosis  with  the  Azotobacter ^  and  which  are  present  in 
the  impure  cultures  just  referred  to.  The  exact  source  of  the  nitrogen 
fixation  may  be  left  a  little  doubtful ;  still  the  main  fact  remains  that 
from  the  bacteria  present  in  many  soils  one  or  a  group  may  be  found 
capable  of  effecting  rapid  and  considerable  nitrogen  fixation  if  the  necessary 
conditions,  chiefly  those  of  carbohydrate  supply,  are  satisfied. 

But  how  is  the  carbohydrate  supply  to  be  obtained)  Under  the 
normal  conditions  of  arable  laild  farming  there  are  few  possibilities  in  this 
direction,  the  occasional  ploughing  under  of  a  green  crop  being  the  only 
considerable  addition  of  organic  matter,  other  than  manure,  which  is 
possible  in  practice.  As  a  matter  of  experience  the  plots  at  Bothamsted, 
which  have  been  gix>wing  crops  without  manure  continuously  for  the  last 
fifty  years,  indicate  but  little  gain  of  nitrogen  from  the  atmosphere. 
After  a  rapid  fall  in  production  for  the  first  few  years,  the  yield  has 
-become  so  nearly  stationary  that  any  further  decline  is  not  as  yet  dis- 
cernible amid  the  fluctuations  due  to  season. 
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Average  Ammmts  of  Dry  McUter  cmd  Nitrogen  in  Total  Produce  of 
VciriouB  Grope,  gi'Oton  witfumt  Manure  cU  Rothameted, 


— 

Dry  Matter                                   jNitrogenl 

Averages  Over 

Whole 
Period 

Whole 
Period 

10  Years 
1862- 
1861 

10  Years 
1862- 
1871 

10  Years 
1872- 
1881 

10  Years  10  Years 
1882-       1892- 
1891         1901 

Broadbalk  Wheat 
H008          Barley 
Agdell       Rotation  »   . 
Park          Hay*  . 

lb. 
2,199 
2,352 
2.321 

lb. 
1,791 
1,797 
1,817 
2,082 

lb. 
1,346 
1,303 
1,403 
2,144 

lb. 
1,480 
1,229 
1,644 
2,196 

lb. 
1.514 
1,120 
1,295 
1,421 

lb. 
1,666 
1,560 
1,696 
1,961 

lb. 

170 

15-3 

17-6 

33-8 

»^Carted;fallow  portion. 


•  First  and  second  crops.^ 


Table  III.  shows  the  average  yield  during  the  last  five  decades  of  dry 
matter  and  of  nili'ogen  from  four  of  the  unhiantired  plots  at  Rothamsted  ; 
it  will  be  seen  that  the  difference  in  the  production  during  the  last  as 
compared  with  the  second  period  of  ten  years  is  no  more  than  would  be 
covered  by  seasonal  variations.  In  other  words,  the  yield,  which,  as 
we  learn  in  other  ways,  is  mainly  determined  by  the  amount  oi  available 
nitrogen,  has  reached  a  state  of  equilibrium  when  the  resources  of  the  soil, 
the  material  brought  down  by  the  rain,  and  the  nitrogen- fixing  agencies 
taken  together  are  just  equal  to  providing  the  crop  with  about  17  lb.  of 
nitrogen  per  acre  per  annum  in  addition  to  the  unknown  amounts 
removed  by  drainage  and  in  the  weeds.  The  small  amount  of  fixation 
this  indicates  and  the  corresponding  low  level  of  production  must  be  set 
down  to  the  lack  of  combustible  carbohydrate,  due  to  the  very  complete 
removal  of  the  various  crops  from  the  soil,  sin<5e  the  root  and  stubble  left 
behind  after  the  growth  of  a  cereal  crop  amount  to  but  a  small  fraction 
of  the  totial  produce. 

In  the  case  of  grass-land  the  conditions  are  entirely  different, 
especially  when  we  are  dealing  with  wild  prairie  or  forest,  where  the 
annual  growth  of  carbohydrate  falls  back  to  the  soil  and  is  available  for 
Bucfa  organisms  as  the  Azotobacter,  At  Rothamsted  two  plots  of  land 
which  were  under  arable  cultivation  twenty -five  years  ago  have  been 
aUowed  to  run  wild  and  acquire  a  natural  vegetation  of  grasses  and 
weeds,  subject  to  no  disturbance  beyond  the  occasional  eradication  of 
scrub  and  bushes.  Samples  of  the  soil  taken  when  the  land  was  still 
under  the  plough  have  been  preserved,  and  the  comparison  of  these  with 
new  samples  drawn  during  the  last  year  shows  enormous  accumulations  of 
nitrogen,  even  when  every  allowance  has  been  made  for  certain  inevitable, 
errors  in  sampling  the  soil  (see  Table  IV.).  Of  these  two  fields  the  Gees- 
croft  plots  are  the  more  interesting,  for  though  showing  the  gain  of 
nitrogen  is  less  (45  lb.  per  acre  per  annum  against  98  lb.  on  Broadbalk), 
yet  continued  observation  of  the  herbage  that  has  sprung  upon  this 
field  has  shown  the  absence  of  any  leguminous  plants.  According  to  a 
botanical  analysis  made  in  1903  the  leguminous  plants  only  constituted 
0*4  per  cent  of  the  vegetation  (as  weighed  in  the  chy  state)  on  the  Gees- 
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croft '  wilderness/  whereas  the  corresponding  plot  on  Broadbalk  contained 
25  per  cent.  Now,  with  no  leguminous  plants  to  act  as  collectors  of 
nitrogen  the  considerable  gains  of  combined  nitrogen  on  this  Geescroft 
land  must  be  set  down  to  the  work  of  Azotobcicier  or  kindred  organism^ 
which  get  their  necessary  supply  of  carbohydrate  from  the  annual  fall  of 
the  grassy  vegetation. 

Tablb  IV. 

AccumtUcUion  of  Carbon  and  Nitrogen  in  Soil  of  Land  Mowed  to 
run  mid /or  inore  than  Twenty  Years. 




Per  cent,  in  Dry  Soil 

Carbon 

Nitrogen              i 

1881-8 1 

1904 

1881-8 » 

1904 

Droadbalk 

1st  9  inches      • 

2nd 

3rd         „           .        . 

Ist  9  inches 

2nd        .,           .        . 

3rd         ,.           ,        . 

M43 
0-624 
0-461 

1  111 
0-600 
0-447 

1-233 
0703 
0-551 

0-1082 
00701 
00681 

0-1081 
0*0739 
00697 

0-1460 
00956 
00889 

Geescroft 

1-494 
0-627 
0-436 

01310 
00829 
0-0662 

Broadbalk,  1881 ;  Geescroft,  1883. 


BroAdbftlk 

Geescroft 

X881 

1904 

1888 

1904 
6,978 
44-6 

Nitrogen  —  lb.  per  acre .        , 
„         —  Increase  per  acre,  per 
annum,  lb. 

5,910 
9-4 

8,110 
97-8 

7-7 
29 

6,043 
8-9 

Ratio  of  Carbon  to  Nitrogen  . 
Ratio  of  Carbon  to  Nitrogen  in 
Increase 

92 
107 

The  fixation  of  nitrogen  must  be  an  oxidising  process,  for  no  other 
natural '  reaction  is  likely  to  provide  the  energy  necessary  to  bring  the 
nitrogen  into  combination.  This  being  so,  some  light  is  thrown  on  the 
process  in  nature  by  an  examination  of  the  ratio  of  carbon  to  nitrogen 
in  the  accumulations  referred  to  above.  At  starting,  the  ratio  of  carbon 
to  nitrogen  in  the  organic  matter  of  the  two  soils  was  much  the  same — 
a  little  less  than  10  to  1 — but  the  increase  of  carbon  and  nitrogen  in 
the  Broadbalk  field,  i.e,y  the  organic  matter  which  has  accumulated  in 
the  interim,  shows  a  ratio  of  only  3  to  1,  while  the  corresponding  accumu- 
lations in  Geescroft  field  show  a  ratio  not  far  removed  from  the 
original  of  about  11  to  1.  In  other  words,  where  thero  has  been  the 
greater  accumulation  of  nitrogen  on  the  Broadbalk  field,  there  has  been 
the  greater  combustion  of  carbohydrate,  so  that  the  accumulation  of 
carbon   is  actually  as  well  as  relatively  smaller.     Bacteriological   teats 
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Beem  to  sbow  a  much  greater  development  of  Azotobacter  with  increased 
powers  of  fixation  in  the  soil  from  the  Broadbalk  than  from  the  Geescroft 
wilderness  ;  a  fact  to  be  correlated  with  the  presence  of  a  fair  proportion 
of  carbonate  of  lime  in  Broadbalk  but  not  in  Geescroft  field. 

Another  example  may  be  drawn  from  the  experiments  carried  on  by 
the  late  Mr.  James  Mason  at  Eynsham  Hall,  Oxon.  He  had  lar;;e 
cemented  tanks  filled  with  burnt  clay  mixed  with  appropriate  quantities 
of  calcium  carbonate  and  phosphate  and  other  nutrient  salts,  but  contain- 
ing no  nitrogen.  One  of  these  tanks,  after  inoculation  with  a  trace  of 
ordinary  soil,  was  sown  with  a  mixture  of  grass-seeds  and  has  carried  a 
weak  but  purely  grassy  vegetation  ever  since.  According  to  a  recent 
analysis  the  soil  of  this  tank  has  in  fifteen  years  accumulated  0*029  per 
cent,  of  nitrogen  in  the  surface  soil  and  0*117  per  cent,  in  the  second 
layer— equivalent  to  about  870  and  350  lb.  per  acre  per  annum,  the 
ratio  of  carbon  to  nitrogen  in  the  accumulation  being  about  18  to  1  and 
12  to  1  respectively. 

Henry  has  also  shown  that  the  shed  leaves  of  many  forest  trees  during 
their  decay  may  bring  about  the  fixation  of  nitrogen  ;  and  this  fact,  which 
Again  depends  on  the  oxidation  of  the  carbohydrates  of  the  leaf  to  supply  the 
necessary  energy,  has  been  confirmed  in  the  Rothamsted  Laboratory,  as 
well  as  the  presence  of  Azoiobacter  on  the  decaying  leaf. 

It  is  obvious  that  one  of  the  most  interesting  fields  for  the  study  of 
these  organisms  must  lie  in  the  virgin  lands  of  a  country  like  South 
Africa.  We  all  know  that  virgin  soil  may  on  the  one  hand  represent 
land  of  almost  perpetual  fertility  ;  on  the  other  it  may  constitute  wastes  of 
any  degree  of  sterility.  What  are  the  conditions  under  which  ensues  that 
accumulation  of  humus  whose  nitrogen  will  become  available  under  culti- 
vation, the  'black  soils'  famous  in  every  continent?  The  {ecological 
botanists  are  working  out  some  of  the  great  climatic  conditions,  the 
amount  and  distribution  of  rainfall  and  temperature  which  are  associated 
with  '  steppe  '  areas  of  great  accumulated  fertility,  but  the  bacterial  flora 
which  is  fundamentally  bound  up  with  the  problem  remains  as  yet  un- 
explored. 

It  is  possible  also  that  on  some  of  the  newer  lands  this  and  kindred 
bacteria  are  absent  because  the  conditions  are  not  entirely  suitable  to 
their  development.  A.  Koch  has  shown  that  the  presence  of  calcium 
carbonate  is  necessary  to  the  action  of  Azotobacter^  and  determinations  of 
the  power  of  soils  from  the  various  Rothamsted  fields  to  induce  fixation 
confirm  his  results,  the  development  of  the  organism  in  question  being 
feeble  when  the  soil  was  derived  from  some  of  the  fields  that  had  escaped 
the  '  chalking '  process  to  which  the  calcium  carbonate  of  the  Rothamsted 
soils  is  due. 

The  value  of  calcium  carbonate  in  this  connection  only  adds  to  the 
taany  actions  which  are  brought  about  by  the  presence  of  lime  in  the 
soil— lime,  that  is,  in  the  form  of  calcium  carbonate,  which  will  behave  as 
a  base  towards  the  acids  produced  by  bacterial  activity.  The  experi- 
mental fields  at  Rothamsted  afibrd  a  singular  opportunity  of  studying  the 
action  of  lime,  since  the  soil,  a  stiff,  flinty  loam,  almost  a  clay,  is  naturally 
devoid  of  calcium  carbonate,  though  most  of  the  cultivated  fields 
cont-ain  now  from  2  to  5  per  cent,  in  the  surface  soil,  due  to  the  repeated 
applications  of  chalk,  which  used  to  be  so  integral  a  part  of  farming 
practice  up  to  the  middle  of  the  nineteenth  century.  Where  this  chalk- 
ing process  has  been  omitted,  as  is  the  case  in  one  or  two  fields,  the 
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whole  i^iiculiural  chaf^ter  of  the  field  is  changed :  the  soil  iv^orks  ao 
heavily  that  it  is  diflSicult  to  keep  the  land  under  the  plough  ;  and  as 
grass  land  it  carries  a  very  different  and  altogether  inferior  class  of 
vegetation.  On  the  experimental  fields  it  has  been  possible  to  raeasuce 
the  rate  at  which  natural  agencies,  chiefly  the  cafbonic  acid  and  water  in 
the  soil,  are  removing  the  calcium  carbonate  that  has  been  introduced 
into  the  surface  soil,  and  it  is  found  to  be  disappearing  from  the  unmanured 
plots  under  arable  cultivation  at  an  approximate  rate  of  1,000  lb.  per 
acre  per  annum ;  a  rate  which  is  increased  by  the  use  of  manures  like 
sulphate  of  ammonia,  but  diminished  by  the  use  of  nitrate  of  soda  and  of 
dung.  Failing  the  renewal  of  the  custom  of  chalking  or  liming — and  its 
disuse  is  now  very  general — the  continuous  removal  of  calcium  carbonate 
thus  indicated  must  eventually  result  in  the  deterioration  of  the  land  to 
the  level  of  that  which  has  never  been  chalked  at  all,  and  even  a  state  of 
sterility  will  ensue  if  much  use  is  made  of  acid  artificial  manures.  That 
many  soils  containing  naturally  only  a  trace  of  calcium  carlxxiate  remain 
fairly  fertile  under  ordinary  farming  conditions  is  due  on  the  one  hand  to 
an  action  of  the  plant  itself,  which  restores  to  the  soil  a  large  proportion 
of  the  bases  of  the  neutral  salts  upon  which  it  feeds,  and  partly  to  the 
action  of  certain  bacteria  in  the  soil,  which  ferment  organic  salts  like 
calcium  oxalate  existing  in  plant  residues  down  to  the  state  of  carbonate. 
Were  it  not  for  these  two  agencies  restoring  bases  the  soil  must  naturally 
lase  its  neutral  reaction,  since  the  process  of  nitrification  is  continuously 
withdrawing  some  base  to  combine  with  the  nitric  and  nitrous  acids  it 
sets  free. 

This  varying  distribution  of  calcium  carbonate  in  soils  suggests 
another  section  of  my  subject,  in  which  great  activity  has  prevailed  of 
late — the  undertaking  of  a  systematic  series  of  soil  analyses  in  any  dis- 
trict, with  a  view  to  making  soil  maps  that  shall  be  of  service  to  the 
agriculturist.  The  Prussian  GU>vemment  have  long  been  executing  such 
a  soil  survey,  and  during  the  last  few  years  a  similar  project  has  been 
pushed  forward  with  great  energy  in  the  United  States  ;  in  France  and 
in  Belgium  several  surveys  are  in  progress,  but  in  the  United  Kingdom 
the  matter  has  so  far  only  excited  one  or  two  local  attempts.  While  the 
basis  of  such  work  must  always  be  the  geological  survey  of  the  district, 
a  geological  survey  in  which,  however,  the  thin  *  drift '  formations  are  of 
greater  importance  than  the  solid  geology,  there  are  certain  other  items 
of  information  required  by  the  farmer  which  would  have  to  be  supplied 
by  the  agricultural  specialist.  In  the  first  place  the  farmer  wants  to  be 
told  the  thickness  of  the  superficial  deposits  :  he  requires  frequent  *  ground 
profiles,'  so  that  he  can  construct  an  imaginary  section  through  the  upper 
10  feet  or  so  of  his  ground.  To  take  a  concrete  example  :  the  chalk  in 
the  South  of  England  is  very  often  overlaid  by  deposits  of  loam,  approach- 
ing  the  nature  of  brick  earth,  and  the  agricultural  character  of  the  land, 
its  suitability  for  some  of  the  special  crops,  like  hops  and  fruit,  which 
characterise  that  district,  will  be  wholly  different  acconiing  as  the  deposit 
is  3  feet  or  10  feet  deep.  The  proximity  and,  if  near  the  surface,  the 
direction  of  flow  of  the  ground  water  are  also  matters  on  which  there 
could  be  given  to  the  farmer  information  of  great  importance  when 
questions  of  drainage  or  water  supply  have  to  be  considered.  It  is 
necessary  also  to  refine  upon  the  rough  classification  of  the  soil  and  sub- 
soil which  alone  is  possible  to  the  field  surveyor,  one  of  whose  functions 
will  be  to  procure  typical  samples  of  which  the  texture  and  physical 
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jsiructure  can  afterwards  be  worked  out  In  the  laboratory.  Geological 
formatiotks  are  constantly  showing  lithological  changes  as  one  passes 
along  their  outcrop  either  in  a  vertical  sense  or  in  their  lateral  extension  ; 
and  these  changes  are  often  reflected  by  corresponding  changes  in  the 
character  of  the  soiL  which  are  of  commercial  importance. 

But  while  the  mechanical  analysis  of  the  soil  has  been  of  late  the  basis 
upon  which  all  soil  surveys  are  constructed,  it  is  of  equal  importance,  at 
any  rate  in  the  older  countries  under  intensive  cultivation,  to  undertake 
certain  chemical  determinations,  which  come  to  possess  a  new  value  when 
taken  in  connection  with  a  soil  survey.  It  has  been  generally  demon- 
strated that  an  analysis,  physical  and  chemical  alike,  of  the  soil  of  a 
particular  field,  taken  by  itself,  possesses  but  little  value.  The  physical 
analysis  will  indicate  roughly  the  character  of  the  soil,  but  very  little 
better  than  could  have  been  learnt  by  walking  over  the  soil  and  digging 
in  it  for  five  minutes  ;  the  chemical  analysis  will  disclose  any  glaring 
deficiencies ;  but,  as  a  rule,  the  analytical  figures  will  be  of  a  very 
indecisive  character,  and  will  lead  to  little  information  of  practical  value. 
This  is  because  the  productivity  of  a  given  piece  of  land  depends  upon 
a  large  number  of  agencies,  any  one  of  which  may  be  the  limiting  factor 
in  the  crop  yield.  We  may  enumerate,  for  example,  temperature  and 
water  supply,  both  determined  by  the  climate,  by  the  natural  physical 
structure  of  the  soil,  and  by  the  modifications  in  its  texture  induced  by 
cultivation  ;  there  are  further  the  aeration  and  the  actual  texture  of  the 
soil,  the  initial  supply  of  plant-food  of  various  kinds,  and,  again,  the  rate 
at  which  this  last  item  is  rendered  available  to  the  plant  by  bcu^rial 
action  or  by  purely  physical  agencies^  All  these  factors  interact  upon  one 
another,  to  all  of  them  and  not  merely  to  the  nutrient  constituents  does 
Liebig's  law  of  the  minimum  apply  ;  so  that  any  one  may  become  the^ 
limiting  factor  and  alone  determine  the  yield.  It  is  of  no  use,  for'' 
example,  to  increase  the  phosphoric  acid  content  of  a  soil,  however 
deficient  it  may  be,  if  the  maximum  crop  is  being  grown  that  is  consistent 
with  the  water  supply,  or  if  the  growth  of  the  plant  is  being  limited  by 
insufficient  root  range  caused  by  bad  texture  and  the  lack  of  aeration  in 
the  soil.  However  much  we  may  refine  our  methods  of  analysis,  we  may 
take  it  as  certain  that  we  shall  never  be  able  to  deduce  a  priori  the 
productivity  of  the  soil  from  a  consideration  of  the  data  supplied  by  the 
analysis.  The  function,  then,  of  soil  analysis  is  not  to  make  absolute 
deductions  from  the  results,  but  by  a  comparison  of  the  unknown  soil  under 
examination  with  other  soils  already  known  to  interpret  the  divergences 
and  similarities  in  the  light  of  previous  experience.  That  a  given  soil 
contains  ^^  per  cent,  of  phosphoric  acid  or  ^^  per  cent,  of  the  same 
constituent  soluble  in  a  dilute  citric-acid  solution  is  in  itself  meaning- 
less information ;  but  it  becomes  of  great  value  when  we  know  that  the 
normal  soils  of  that  particular  type  contain  less  than  this  proportion  of 
phosphoric  acid  as  a  rule,  and  yet  show  no  particular  response  to  phos- 
phatic  manuring. 

What,  then,  the  soil  analyst  can  do  is  to  characterise  the  type,  ascer- 
tain its  normal  structure  and  composition,  and  correlate  its  behaviour 
under  cultivation,  its  suitability  for  particular  crops,  and  its  response 
to  manuring  in  various  directions.  Thus  an  unknown  soil  may  by 
analysis  be  allotted  to  its  known  type,  deviations  from  the  type  can  be 
recognised,  and  conclusions  may  be  drawn  as  to  the  connection  of  these 
defeats.  „        ,  OgW 
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Valuable  as  recent  developments  of  soil  analysis  mdy  have  be^n  (ahd 
I  allude  in  particular  to  the  improvements  in  the  methods  oi  mechanical 
analysis  which  have  been  worked  oUt  in  the  United  States  Department 
6f  Agriculture,  to  the  many  investigations  that  have  been  made  on  the 
Ineasurement  of  '  available '  plant-food  by  attack  with  weak  acid  solvents, 
to  the  determinations  of  the  bacterial  activity  of  the  soil)  the  results  they 
yield  can  only  be  truly  interpreted  when  they  can  be  compared  with  a 
mass  of  data  accumulated  by  the  use  of  tlie  same  methods  on  known 
soils. 

One  of  the  services,  then,  wluch  the  fartners  in  every  country  may  very 
properly  expect  from  the  scientific  man  is  such  a  survey  of  the  principal 
soil  types,  affording  the  necessary  datum  lines  by  whieh  the  comparative 
richness  and  poverty  of  any  particular  soil  may  b^  gauged.  In  an  old 
settled  country  like  the  United  Kingdom  such  a  survey  would  guide  the 
farmer  in  his  selection  of  manures ;  in  a  new  country  the  advantages 
would  be  even  more  apparent^  as  the  areas  appropriate  to  particular  crops 
would  be  indicated,  and  settlers  would  be  saved  from  many  expensive 
attempts  to  introduce  things  for  which  their  land  was  unsuited. 

It  would  also  be  possible  to  indicate  the  measures  which  should  be 
taken  to  ameliorate  the  nature  of  the  poorer  soils,  for,  remote  as  may  now 
seem  the  prospects  of  spending  time  and  labour  on  bad  land  in  new 
countries  where  there  is  still  a  choice  of  good,  once  the  road  to  improve- 
ment is  indicated  little  by  little  the  work  wi]]  be  done.  It  is  hardly 
realised  to  what  extent  the  soils  in  England  have  been  '  made '  ;  the 
practice  of  '  chalking,'  previously  mentioned  as  having  doubled  or  trebled 
the  value  of  the  Bothamsted  land,  must  have  added  between  100  tons 
and  200  tons  of  chalk  per  acre  to  tliose  soils  before  the  end  of  the 
eighteenth  century,  and  in  other  parts  of  the  country  marling,  claying, 
incorporation  of  burnt  earth  and  other  lighter  material  have  contribute 
enormously  to  render  the  present  degree  of  fertility  possible. 

The  main  facts  of  the  nutrition  of  the  plant  have  been  so  long 
established  that  it  is  not  always  realised  how  much  still  remains  unknown. 
It  has  become  a  commonplace  of  the  textbooks  that  the  plant  needs 
nitrogen,  phosphoric  acid,  potash,  often  in  excess  of  the  quantities  present 
in  a  normal  soil ;  so  that  these  substances  alone  are  considered  of  manurial 
value,  other  necessary  materials  like  lime,  magnesia,  iron,  sulphuric  acid, 
and  chlorine  being  practically  never  lacking  under  natural  conditions. 
But  the  function  of  these  substances  in  the  development  of  particular 
plants,  the  manner  in  which  the  character  of  the  crop  is  affected  by  an 
excess  or  a  deficit,  is  still  imperfectly  apprehended.  We  realise  the 
dependence  of  vegetative  development  upon  the  supply  of  nitrogen,  and 
how  an  excess  defers  maturity  ;  we  are  also  l^eginning  to  gather  facts  aa 
to  the  manner  in  which  an  overplus  of  nitrogen  causes  alterations  in  the 
structure  of  the  tissues  and  variations  in  composition  of  the  cell  contents 
that  result  in  increased  susceptibility  to  fungoid  attack.  Again,  it  is  clear 
that  potash  takes  a  fundamental  part  in  the  process  of  assimilation,  the 
production  of  carbohydrate  in  all  forms  being  dependent  on  the  supply  of 
potash ;  but  of  the  manner  or  the  location  of  the  action  we  have  no 
knowledge.  Our  ignorance  of  the  function  of  phosphoric  acid  is  even 
greater  ;  broadly  speaking,  it  hastens  maturity,  and  is  bound  up  with 
such  final  processes  in  the  plant's  development  as  the  elaboration  of 
seed.  With  this  we  naturally  correlate  on  a  priori  grounds  the  pre- 
sence of  phosphorus  in  the  nucleo-proteids ;  but  there  is  no  particular 
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evidence  that  excess  of  phosphoric  acid  leads  to  increased  assimilation  of 
nitrogen. 

Some  of  the  barley  plots  at  Botbamstied  show  this  very  clearly  ;  where 
there  has  been  no  phosphatic,  but  a  nitrogenous,  manuring  for  the  last 
fifty  years,  the  amount  of  nitrogen  assimilated  by  the  crop  is  diminished, 
but  the  gross  production  of  dry  matter  is  still  further  diminished.  By  the 
addition  of  phosphoric  acid  the  gross  production  is  increased  to  a  greater 
degree  than  the  amount  of  proteid  formed  is  increased,  so  that  the  crop 
fihows  now  a  smaller  percentage  of  nitrogen  and  a  lower  ratio  of  nitrogen 
to  phosphoric  acid  than  on  the  plots  which  are  experiencing  phosphoric- 
acid  starvation.  In  other  words,  where  an  excess  of  nitrogen  is  avail- 
able the  amount  assimilated  does  not  increase  pari  passu  with  the 
amount  of  phosphoric  acid  which  the  plant  can  obtain. 

But  with  these  three  substances  all  exact  knowledge  ceases  :  magnesia, 
sulphuric  acid,  and  chlorine  are  invariable  and  necessary  constituents  of 
all  plants,  yet  their  function  and  their  practical  effects  are  still  unknown. 
To  take  a  further  example,  it  was  early  in  the  history  of  agricultural  science 
that  silica  was  discovered  to  be  the  chief  constituent  of  the  ash  of  cereals 
and  of  a  few  other  plants.  Liebig's  term  of  'silica  plants '  still  survives 
to  show  the  importance,  once  attached  to  this  body,  and  the  earlier  experi- 
menters  with  manures  used  soluble  silicates  with  the  idea  of  thereby 
increasing  the  stiffness  of  straw.  But  further  investigations  showed  that 
cereals  oould  be  brought  to  maturity  without  any  supply  of  silica,  and 
that  the  stiffness  of  the  straw  was  a  physiological  matter  in  no  way 
conditioned  by  silica,  i^s  a  consequence  this  plant  constituent  has  now 
been  disregarded  for  a  long  time.  But  it  is  idle  to  suppose  that  a 
substance  present,  for  example,  to  the  extent  of  60  per  cent,  or  so  in  the  ash 
of  the  straw  of  wheat,  has  no  part  to  play  in  the  nutrition  of  the  plant. 
Among  the  Rothamsted  experiments  there  are  fortunately  some  barley 
plots  which  have  received  soluble  silica  for  many  years,  and  a  recent 
examination  of  the  material  grown  on  these  plots  begins  to  cast  some  light 
on  the  function  of  silica.  Its  effect  upon  the  plant  is  in  some  way  parallel 
to  that  of  phosphoric  acid ;  on  the  plots  which  have  had  no  phosphatic  - 
maikure  for  more  than  fifty  years  an  addition  of  soluble  silica  increases 
the  crop,  increases  the  proportion  of  grain,  and  hastens  the  maturity  in 
exactly  the  same  fashion  as,  though  to  a  lesser  degree  than,  an  addition  of 
phosphoric  acid.  The  results  point  to  the  plant  rather  than  the  soil  as 
being  the  seat  of  the  action  ;  a  plant  that  is  being  starved  of  phosphoric 
acid  can  economise  and  make  more  use  of  its  restricted  portion  if  a 
quantity  of  soluble  silica  be  available.  There  is  no  possibility  of  replacing 
phosphoric,  acid  by  silica  in  the  general  nutrition  of  the  plants  but  the 
abundance  of  silica  at  the  disposal  of  the  cereals  certainly  enables  them  to 
diminish  their  call  for  phosphoric  acid  from  the  soil. 

Much  in  the  same  direction  lie  the  researches  which  are  being  pursued 
with  so  much  vigour  by  Loew  and  his  pupils  in  Japan  on  the  stimulus  to 
assimilation  and  plant  development  which  is  brought  about  by  infinitesimal 
traces  of  many  metallic  salts  not  usually  recognised  as  being  present 
in  plants  at  all.  It  has  been  often  recognised  that  substances  which  are 
toxic  to  the  cell  in  ordinary  dilutions  may,  when  the  dilution  is  pushed  to 
an  extreme,  reach  a  point  at  which  their  action  is  reversed  and  begins 
to  stimulate.  Probably  some  of  the  materials  used  as  fungicides  and 
inhibitors  of  disease  act  in  this  fashion  by  strengthening  the  whole  con- 
^t>itutioQ  of  the  plant  rather  than  by  directly  destjroyjrig  pr  checking  the 
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growth  of  the  fungus  mycelium.  The  subject  is  certainly  one  which 
promises  to  yield  results  of  value  in  practice,  and  calls  fop  more  extended 
and  exact  observation. 

The  importance  of  research  on  the  particular  function  of  the  various 
constituents  of  the  crop  lies  in  the  fact  that  it   is  only  by  the  posses- 
sion of  such  knowledge  we  may  possibly  influence  in  desired  directions 
the  quality  of  our  crops.     With  the  effect  of  manuring  upon  the  yield  of 
most  of  our  crops  we  are  now  familiar,  but  the  question  of  *  quality,' 
almost  as  important  as   that  of  yield,  forms  a  more  difficult  problerot 
One  particular  example  may  be  cited,   that  of  wheat,  because  of  late 
years  it  has  been  a  subject  of  investigation  in  most  wheat-producing 
countries.     That  quality  of  wheat  which  is  of  special  commercial  import- 
ance is  its  so-called  *  strength,'  the  capacity  of  yielding  flour  of  such  a 
consistency  in  the  state  of  dough  as  will  retain  the  gases  produced  in 
fermentation  with  the  formation  of  a  tall,  well-piled  loaf.     This  property 
of  ^  strength  '  is  usually  found  in  a  hard  homy  and  translucent  grain,  the 
soft,  mealy-looking  wheats  being  as  a  rule  *  weak.'    Again,  the  strong 
wheats  usually  originate  from  districts  like  the  Hungarian  plain,   the 
North- West  of  America,  and  South  Russia,  countries  characterised  by  a 
typical  Continental  climate,  cold  and  dry  in  the  winter,  with  rains  in  the 
late  spring  and  early  summer,  and  a  gradually  increasing  dryness  and 
temperature  up  to  the  time  of  harvest.     The  wheats  grown  under  the 
opposite  conditions  of  a  winter  rainfall  and  a  dry  summer,  as  on  the 
Pacific  slope  of  North  America,  or  an  evenly  distributed  rainfall  as  in 
England  or  France,  are  on   the  whole  weak.     The  differences  in  this 
quality  are  considerable  when  measured  commercially ;  for  example,  in  most 
seasons  the  best  Manitoban  wheat  will  be  worth  20  to  25  per  cent,  more 
than  a  corresponding  grade  of  English  wheat  on  the  London  market.     The 
source  of  strength  lies  among  the  nitrogenous  constituents  pf  the  wheat 
flour  :  it  can  be  measured  roughly  either  by  determining  the  proportion  of 
nitrogen  in  the  flour,  or  by  the  old  process  of  washing  away  the  starch 
and   leaving  the  gluten.     Neither  process  agrees  exactly  with  baking 
•  tests,  nor  do  any  of  the  more  recent  attempts  to  differentiate  the  wheat 
proteids  by  their  solubility  in  various  media,  as,  for  example,  the  deter- 
mination of  the  so-called  (7/iWin^Zt4^enm  ratio.     In  fact  in  the  present 
state  of  our  knowledge  of  the  possibilities  of  identifying  and  separating, 
the  proteids  in  a  pure  state,  there  is  little  likelihood  of  being  able  to  make 
out  the  subtle  differences  of  chemical  composition  which  result  in  the 
varying  quality  of  the  wheat  proteid  mass.     For  example,  the  reUitive 
strength  of  different  varieties  of  wheat  grown  under  similar  conditions 
will   follow    the  order  in   which    the  wheats  are  placed  by  their  con- 
tent   in   nitrogen  ;    yet   if,   as   at   Rothamsted,    an   increased   nitrogen 
content    in    the    wheat    is    brought  about    by    excessive    nitrogenous 
manuring,   the   product  is    actually  considerably    weaker    than    wheat 
on  the  other  plots  grown  under  more  normal  conditions.     The  manuring,- 
while  increasing   the   nitrogenous  matter  of  the  wheat,   has   probably 
introduced  a  new  factor  in   the  shape   of  a  more   prolonged  develop- 
ment resulting  in  the  lack  of  those  final  changes  in  the  nature  of  the 
wheat  proteids   which  make  for  strength.     This  seems  to  be  indicated 
by  the  fact  that  on  storage  this  particular  abnormal  wheat  gradually 
increases  in  strength  up  to  the  normal,  though  never  to  the  degree  that 
would  be  indicated  by  its  nitrogen  content,     fiut  though  the  chemical 
methods  of  estimating  the  strength  of  wheat  have  as  yet  proved  inoon^ 
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chraive,  some  idea  of  the  factors  dtBtennining  this  quality  has  been 
reached  from  practical  baking  tests  combined  with  measurements  of  the 
gluten  and  nitrogen  content  of  the  flour.  In  the  first  place  manuring 
proves  a  very  small  factor;  the  composition  of  the  grain  of  wheat  is 
extraordinarily  stable  and  the  plant  reacts  to  diversities  in  nutrition  by  pro- 
ducing more  or  less  grain  rather  than  by  altering  its  composition.  Even 
under  the  exceptionally  pronounced  variations  in  the  manurial  conditions 
of  the  Rothamsted  plots,  the  composition  of  the  grain  fluctuates  more 
with  changing  seasons  than  with  changed  manuring.  Within  the  limits 
of  healthy  growth  and  ripening  the  date  of  sowing  the  wheat  has  no 
effect  upon  the  quality  of  the  grain ;  the  same  wheat  sown  at  monthly 
intervals  from  October  to  March  gave  practically  identical  quality  in  the 
grain,  and  a  number  of  comparisons  between  autumn  and  spring  sowing 
led  to  no  definite  conclusion.  Soil  has  also  a  comparatively  small  effect, 
though,  of  course,  different  soils,  by  inducing  differences  in  the  supply  of 
water  to  the  plants  and  in  the  temperature,  practically  result  in  differ- 
ences of  climate:  The  effect  of  climate  is  large,  whether  tested  by  grow- 
ing the  same  variety  in  different  countries  or  by  inducing  artificial 
variations  in  the  climate  of  wheats  grown  under  experimental  conditions. 
But  while  the  climatic  factor  proves  to  be  large  it  is  less  than  was  antici- 
pated :  an  English  soft  wheat,  for  example,  grown  on  the  Hungarian 
plain  for  two  seasons  has  not  altered  greatly  in  character  nor  taken  on  > 
the  characteristic  appearances  of  the  wheat  of  the  district.  A  specially 
strong  wheat  from  the  Canadian  North- West,  after  some  considerable 
fall  of  strength  in  the  first  English  crop,  has  fallen  no  further  after  three 
successive  crops,  and  still  retains  all  the  characters  of  an  exceptionally 
strong  wheat,  although  the  yield  remains  poor  from  an  English  stand- 
point. Other  varieties  have  rapidly  and  entirely  lost  their  strength  when 
changed  to  English  conditions  from  America,  or  Hungary,  or  Russia  ; 
many,  however,  while  showing  the  effect  of  climate  yet  stand  apart  from 
the  typical  English  wheats  and  show  no  tendency  to  *  acclimatise '  in  the 
sense  of  acquiring  the  character  of  the  local  varieties.  In  the  whole  work 
the  thing  which  stands  up  most  prominently  is  the  fundamental  import- 
ance of  the  *  variety ' ;  each  race,  each  botanical  unit  as  it  were,  possesses 
an  individuality  and  yields  grain  of  a  characteristic  composition ;  and 
though  climate,  soil,  season,  manuring,  are  factors  producing  variation 
in  the  composition,  they  are  all  small  compared  with  the  intrinsic  nature 
of  the  variety  itself.  Similar  conclusions  follow  from  the  work  of  Wood 
and  his  colleagues  upon  the  composition  of  mangels,  and  of  Collins  on 
the  composition  of  swedes.  The  proportion  of  dry  matter  and  sugar  in 
the  roott  while  varying  markedly  in  the  individual  roots,  possesses  a 
typical  value  for  each  race  ;  and  though  season,  locality,  and  to  some 
extent  manuring  affect  the  composition,  the  changes  thus  induced  are 
not  great. 

Starting,  then,  from  this  point,  that  variety  or  race  is  the  chief  factor 
in  the  composition  of  a  given  plant,  and  that,  once  the  variety  is  fixed, 
the  other  factors,  which  are  more  or  less  under  control,  such  as  manuring, 
soil,  and  climate,  have  but  minor  effects  upon  the  quality,  the  road  to 
the  improvement  of  the  quality  of  our  farm  crops  lies  in  the  creation  of  ' 
new  varieties  by  breeding.  An  improved  variety  is  all  clear  gain  to  the 
farmer ;  climate,  season,  and  to  a  large  extent  soil  are  outside  his  con- 
trol ;  while  better  manuring  and  cultivation,  however  much  their  coat 
Biag^  bp  lessened  hj  ii^cre^aed  sl^ill,  ^et  ii^volve  expenditare  apd  b^cnno 
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unremunerative  above  a  certain  point.  But  an  improved  variety,  with- 
out costing  any  more  to  grow,  may  increase  the  returns  by  10  or 
20  per  cent.,  in  some  cases  may  nearly  double  them. 

As  regards  the  value  of  selection,  Wood  shows  that  the  compositioa 
of  the  mangel,  which  has  been  selected  solely  for  such  external  qualitiea 
as  shape  and  habit,  has  remained  stationary  during  the  fifty  years  or  so 
for  which  we  possess  any  information  ;  while  between  1860  and  1890  the 
sugar  beet  has  had  its  sugar  content  raised  from  an  average  of  10'9  to 
15  per  cent,  by  the  steady  selection  of  seed-mothers  for  their  richness. 
The  prospects  of  breeding  new  varieties  of  wheat,  and  particularly  oC 
securing  improvements  in  such  qualities  as  '  strength,'  have  been  enor« 
mously  improved  within  the  last  year  or  two  through  the  investigations 
which  have  followed  on  the  rediscovery  of  Mendel's  law  of  inheritance. 
Wheat  OS  a  normally  self -fertilised  plant  is  particularly  suited  to  the 
investigation  of  Mendel's  law,  and  the  work  of  Biffen  shows  that,  with 
a  few  possible  exceptions,  the  characters  of  the  parent  varieties  are 
inherited  strictly  in  accordance  with  the  expectations  derived  from  a 
consideration  of  that  law.  The  great  practical  importance  of  this 
generalisation  lies  in  the  fact  that  it  thus  becomes  possible  to  pick  out 
with  certainty  fixed  types  in  the  third  generation  of  the  hybrids,  whereas 
without  the  guidance  of  Mendel's  law  and  working  by  the  old  plan  of 
selection,  followed  by  continuous  '  rogueing,'  it  was  impossible  ever  to 
secure  a  pure  strain  unless  by  chance  an  individual  possessing  pure 
recessive  or  pure  dominant  characters  had  been  hit  upon  from  the 
first. 

Biffen's  work  further  indicates  that  the  power  of  producing  a  glutinous 
grain,  such  ai^  will  lead  to  '  strength '  in  the  flour,  is  a  Mendelian 
character,  following  the  same  laws  of  inheritance  as  the  bearded  or 
beardless  habit  or  the  colour  of  the  grain  or  chaff.  Extreme  strength 
shown  in  any  particular  wheat  can  then  be  picked  out  and  combined  with 
any  other  essential  qualities,  such  as  the  yield  and  the  character  of  the 
straw,  which  distinguish  our  present  varieties  of  wheat.  Of  course  the 
inheritance  of  a  quality  like  strength,  which  is  only  relative  between 
different  varieties,  cannot  be  traced  with  the  sharpness  with  which  such 
characters  as  the  loug-awned  bearded  type  can  be  followed  ;  still  the 
variation  that  is,  as  it  were,  superimposed  upon  the  '  strength '  or  '  weak- 
ness' representing  the  inherited  Mendelian  character  is  not  sufficient 
to  obliterate  the  evidence  of  inheritance  according  to  the  law.  And,  of 
course,  this  variation  of  individual  seedlings  in  the  *  strong'  section 
above  and  below  the  degree  of  strength  possessed  by  the  parent,  %,e,,  the 
inherited  character,  gives  the  plant-breeder  his  opportunity  of  improving 
such  a  quality  at  the  same  time  as  he  is  combining  with  it  the  other 
characteristics  that  are  desired  in  the  new  varieties.  Biffen's  work 
among  the  wheat  hybrids  touches  also  upon  another  point  of  special 
importance  to  South  African  farming,  where  the  incidence  of  *  rust '  forms 
the  greatest  obstacle  to  extensive  and  successful  wheat-growing.  The 
climatological  conditions  which  make  for  a  rust  attack  have  not  been 
worked  out,  as  far  as  can  be  judged  from  the  behaviour  of  English  wheats 
in  various  seasons,  together  with  the  prevailing  climates  in  countries 
where  rust  is  specially  prevalent ;  a  flush  of  growth  in  the  spring 
followed  by  high  temperatures  will  favour  the  disease,  but  South  Africa, 
with  its  great  variations  in  the  amount  and  incidence  of  the  rainfall  and 
-v^ith  it§  ver^  diflferent  temperatures,  affords  a  very  good  ppport^nity  for 
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obtaining  information  on  this  point.  Returning,  however,  to  the  question 
of  variety,  it  is  generally  recognised  that  relative  immunity  or  susceptibility 
to  an  attack  of  yellow  rust  is  characteristic  of  particular  varieties,  and 
Biffen  finds  that  such  '  immunity '  is  a  true  Mendelian  character,  recessive 
and  therefore  only  appearing  in  the  second  generation  of  hybrids  between 
a  rusting  and  a  rust-ppoof  parent.  It  is  not  correlated  with  shape  or 
character  of  the  leaf,  but  is  transmitted  from  one  generation  to  another 
quite  independently,  and  can  therefore  be  picked  out  of  a  de^rable 

S^rent  and  combined  with  other  qualities  of  value  in  different  parents, 
ere,  again,  we  are  dealing  with  a  character  that  is  only  relative,  for  no 
wheat  can  be  called  either  absolutely  rust-proof  or  entirely  susceptible  ; 
the  offspring  that  have  inherited  immunity  will  still  vary  a  trifle  among 
themselves  in  the  degree  of  their  resistance  to  attack,  and  in  this  possi- 
bility of  variation  lies  the  chance  of  the  plant-  breeder  to  improve  upon 
the  rust-resisting  powers  of  the  varieties  we  now  possess. 

The  whole  work  of  the  plant-breeder  is  of  singular  importance  in  a 
country  like  South  Africa  whose  agricultural  history  is  so  recent.  Our 
European  crops  represent  the  culminating  points  of  a  tradition,  and  are 
the  fruit  of  the  observation  and  judgment  of  many  generations  of  prac- 
tical men  working,  as  a  rule,  with  chance  material.  The  products  are 
eminently  suited  to  European  conditions,  but,  as  has  been  seen  so  often, 
they  fail  comparatively  when  brought  into  other  climates  and  soils.  Tt 
follows,  then,  that  in  a  new  country  the  work  of  the  acclimatiser  is  one  of 
the  necessary  foundations  for  agriculture,  and  this  involves  a  careful  study 
of  climatology  and  of  the  influence  that  the  distribution  of  rainfall  and. 
temperature  in  various  parts  of  the  country  has  on  the  character  of  the 
crop. 

Then  the  cross-breeder's  work  begins  :  acclimatisation  alone  is  hardly 
likely  to  yield  the  ideal  plant,  but  by  it  are  found  plants  possessing  the 
features,  one  here  and  one  there,  that  are  desiderated  ;  and  starting  with 
this  ground  material  the  hybridiser  can  eventually  turn  out  an  individual 
possessing  in  a  large  measure  all  the  qualities  that  are  sought  for. 

There  is  little  hope  that  science  can  do  anything  wholly  new  for  agri- 
culture ;  acclimatisation,  breeding,  and  selection  have  been  the  mainstay 
of  farming  progress  since  the  beginning  of  time,  just  as  the  action  of  the 
nitrifying  bacteria  and  of  nitrogen  fixation  by  the  leguminous  plants 
were  instinctively  apprehended  by  the  earliest  farmers  of  whom  we  have 
any  record. 

But  with  increasing  knowledge  comes  more  power,  and  particularly  the 
possibility  of  accelerating  the  rate  of  progress  ;  agricultural  improvements 
in  the  past  have  resulted  from  the  gradual  and  unorganised  accretions  of 
the  observation  and  experience  of  many  men,  often  of  many  generations, 
now  that  we  are  provided  by  science  with  guiding  hypotheses  and  by  the 
organisation  of  experiment  with  the  means  of  replacing  casual  opinions 
by  exact  knowledge.  Even  the  properties  of  the  soil  and  the  character  of 
our  farm  crops  and  animals— stubborn  facts  as  they  are  and  deeply 
grounded  in  the  nature  of  things — ought  to  become  incre^ingly  plastic  iw 
our  bands, 
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Haifits  and  Peculiarities  of  some  South  African  Tick^, 
By  Chas.  p.  Lounsbdry,  B.Sc.^  F.E.S. 

[Ordered  by  the  General  Committee  to  be  printed  in  extenso."] 

The  IxodidoRj  the  family  of  Acarids  to  which  the  name  '  ti^ks  '  is  com- 
monly applied,  until  recently  had  little  attention  from  students  in  any 
branch  of  science,  but  of  late  its  members  have  begun  to  share  the  popu- 
larity of  other  blood-sucking  parasites  as  subjects  for  close  investigation. 
It  is  certain  that  ticks  are  responsible  for  the  spread  of  a  number  of  stock 
diseases,  and  their  study  therefore  possesses  much  of  the  importance 
characterising  the  study  of  mosquitoes  since  the  discoveries  that  some 
species  are  intermediate  hosts  of  the  malaria  protozoans.  Numerous 
-workers  all  over  the  world  have  taken  up  the  study  of  mosquitoes,  but  thus 
far  only  a  few  have  been  attracted  to  ticks.  To  my  mind,  the  ticks  now 
present  the  more  profitable  field  for  the  student,  whether  he  be  interested 
in  the  systematic  classification  of  species,  in  the  determination  of  habits 
and  metamorphoses,  in  experimental  research  in  regard  to  th^r  trans- 
mission of  diseases,  or  in  the  development  of  pathogenic  organisms  within 
the  body  of  intermediate  hosts.  An  excellent  groundwork  for  the  classi- 
fication of  the  species  has  been  made  by  Professor  G.  Neumann  in  his 
'  Revision  de  la  Famille  des  Ixodides,'  which  has  been  published  in 
several  parts  by  the  Zoological  Society  of  France  during  the  last  ten  years  ; 
but  very  little  has  thus  far  been  recorded  on  the  internal  anatomy 
of  any  species,  and,  so  far  as  I  am  aware,  no  one  has  yet  ti'aced  the 
development'of  a  disease  organism  within  the  body  of  a  tick  as  has  been 
so  ably  done  in  the  somewhat  analogous  case  of  malaria  organisms  in 
Anophelem  mosquitoes.  Also  very  little  has  been  recorded  in  regai*d  to  the 
habits  and  metamorphoses  of  any  species  other  than  those  of  the  genus 
Boophiliis, 

Ticks  of  divers  species  are  a  severe  pest  to  farm  animals  in  many 
districts  of  Cape  Colony,  and  about  seven  years  ago  the  writer  under- 
took to  ti*ace  the  life -cycle  of  the  most  injurious  species,  Atnblyofmna 
liebrcBuniy  with  the  object  of  obtaining  data  that  would  assist  in  determin- 
ing the  best  measures  and  procedure  to  effect  the  suppression  of  the  pest. 
The  investigation  revived  an  old-time  supposition  that  A.  hebriBum  was 
associated  with  a  disease  callcsd  *  heartwater,'  which  had  practically  put 
a  stop  to  the  farming  of  sheep  and  angora  goats  in  several  south-eastern 
districts  ;  and,  encouraged. by  his  success  in  elucidating  the  life-history  of 
the  species,  the  writer  began  a  series  of  experiments  which  soon  showed 
conclusively  that  the  tick  did  actually  communicate  the  disease  from  sick 
to  susceptible  animals.  The  stimulus  of  these  discoveries  has  led  to  the 
conduct  of  a  large  amount  of  experimental  research  to  determine  the  con- 
nection, if  any,  between  other  South  African  stock  diseases  and  ticks, 
and  during  the  years  that  have  intervened  the  American  discovery  that 
bovine  piroplasmosis  (Texas  fever,  or  red  water)  is  transmitted  by  a  tick 
has  been  affirmed,  and  proof  over  and  over  again  obtained  that  canine  piro- 
plasmosis (malignant  jaundice)  and  African  coast  fever  are  also  normally 
tick -transmitted.  No  one  species  of  tick  has  thus  far  been  found  to  carry 
any  two  of  the  diseases,  and,  indeed,  no  two  diseases  have  yet  been  found 
t9  be  associated  with  aiiy  one  genus.     Incidental  to  or  ii^  coqneotiqn  wit}) 
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the  experiments,  the  habits  and  life-cycles  of  a  number  of  species  of  ticks 
have  been  studied.  It  has  been  found  that  the  habits  are  remarkably 
variable  in  some  respects  that  have  important  bearing  in  the  transmission 
of  diseases,  and  on  the  choice  or  application  of  measures  for  the  suppres- 
sion of  particular  species  ;  and  therefore  it  is  thought  that  the  following 
compilation  of  notes  on  the  habits  and  peculiarities  of  the  species  which 
have  cooxe  under  notice  will  not  be  without  value.  A  discussion  of  the 
transmission  of  the  diseases  pertains  more  to  the  pathological  section  of 
this  Association  than  to  the  zoological,  and  is  reserved  for  a  separate 
paper.  The  specific  names  used  throughout  these  notes,  except  in  treat- 
ing of  the  genus  BaophiluSy  are  based  on  determinations  made  by  Neu- 
mann. 

Neumann  divided  the  Ixodidce  into  two  sub-families,  Argasinm  and 
JxodiruB,  Only  two  genera  of  ArgcbsincR  are  recognised,  and  representa- 
tives of  both  are  found  in  Cape  Colony.  Argas  peraicus  is  a  very  common 
pest  of  fowls.  Argas  vesperHlionis  has  been  found  a  few  times  in  places  fre- 
quented by  bats.  Onithodoros  aavignyi  var.  coicua  is  reported  from  several 
dry  districts  of  the  Cape  and  neighbouring  colonies,  and  0.  tcdaje  var. 
cukpenau  is  found  in  the  nests  of  penguins  on  the  west  coast  of  the  Cape, 
and  also  at  Tristan  de  Cunha. 

Only  Argaa  persicus  has  been  closely  studied.  It  is  pre-eminently  a 
pest  of  fowls,  but  it  also  commonly  attacks  geese,  ducks,  and  turkeys,  and 
lias  been  reported  to  attack  canaries  and  ostriches  and  man.  By  tests  it 
has  been  determined  that  it  wUl  feed  on  pigeons,  but  I  have  not  often 
found  it  associated  with  these  birds.  Both  sexes  moult  the  skin  three 
times  before  becoming  adult,  and,  as  with  all  other  ticks  studied,  the 
sexes  have  not  been  distinguished  until  the  final  moult.  The  eggs  are 
laid  loosely  in  crevices.  The  largest  number  laid  at  one  time  by  a  female 
under  observation  was  120.  The  hexapod  larva  crawls  to  a  host,  affixes 
itself,  and  remains  attached  five  days  or  longer.  The  body  meanwhile 
distends  with  blood,  and  towards  the  last  undergoes  a  change  in  form, 
which  gives  the  larval  tick  the  general  appearance  of  the  later  stages  ; 
before  this  the  resemblance  is  remote.  When  fully  fed,  the  larva  crawls 
away  and  secretes  itself  in  any  convenient  shelter  preparatory  to  moult- 
ing. In  all  its  subsequent  stages  the  tick  normally  visits  its  host  in 
darkness,  and  usually  remains  only  half  an  hour  to  two  hours ;  it  dis- 
tends itself  with  blood  in  this  short  time  and  then  retreats  to  a  hiding- 
place. 

One  visit  suffices  for  each  life-stage  until  the  tick  becomes  adult,  and 
then  it  alternates  its  visits  with  oviposition.  Some  specimens  under 
observation  were  fed  six  times  as  adults.  Thus,  during  the  life  cycle, 
there  is  one  feeding  by  the  larva  or  first  stage,  one  by  the  second  stage, 
one  by  the  third,  and  an  undetermined  number  which  may  be  more  than . 
six  by  the  fourth  or  adult  stage.  The  minimum  interval  between  the 
visits  varies  with  the  season.  In  summer  the  second  stage  is  ready  to 
feed  ten  days  after  the  larva  quits  the  host,  the  third  stage  after  a 
further  period  of  two  weeks,  and  the  fourth  after  about  three  weeks  more ; 
the  adults  may  feed  about  once  a  month  at  this  season.  During  the  cooler 
half  of  the  year  all  stages  are  sluggish,  and  may  not  once  seek  a  host. 
The  length  of  time  during  which  specimens  may  go  entirely  without  food 
is  remarkable.  Adults  have  survived  a  year's  confinement  in  cardboard 
pill-boxes  in  my  office  desk,  and  under  more  natural  conditions  they  take 
lav  longer  tp  starve  to  death.     An  in{este4  disusecl  fowl -house  has  been 
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under  observation  for  over  three  years.  Larvae  were  found  in  the  creWcea 
more  than  six  months  after  the  fowls  had  been  removed,  and  adults 
were  still  present  in  numbers  when  the  place  was  last  searched,  thirty- 
seven  months,  I  believe,  after  the  last  opportunity  any  of  them  had  to 
take  food.  The  survivors  were  much  shrivelled,  but  I  believe  most  of 
them  capable  of  continuing  their  fast  until  warm  weather  sets  in  again. 
The  male  is  as  large  as  the  female  at  the  time  of  the  final  moult,  but  does 
not  afterwards  increase  appreciably  in  length  or  breadth,  whereas  the 
female  increases  in  these  dimensions  with  her  first  adult  feeding.  In  their 
subsequent  visits  both  sexes  merely  distend  to  the  size  attained  at  the 
first  adult  feeding.  There  is  still  some  uncertainty  in  regard  to  the  copu- 
latory  habits  of  ticks,  so  it  is  mentioned  that  the  sexes  of  the  fowl  tick 
have  been  only  thrice  observed  in  connection.  In  all  three  cases  the  male 
had  his  rostrum  inserted  into  the  genital  pore  of  the  female,  and  both  had 
fed  within  a  few  days. 

Only  a  few  observations  have  been  made  on  the  habits  of  other 
Argasince^  but  it  appears  that  OnUhodoros  mvignyi  var.  cascus  and  O, 
ialaje  var.  eapensis  both  alternate  short  visits  to  the  host  with  lengthy 
resting  periods.  It  is  said  that  a  not  uncommon  prank  amongst  the 
labourers  on  the  guano  islands  of  the  Cape  Coast  is  for  the  older  residents 
to  annoy  new-comers  by  infesting  their  sleeping  places  with  0,  capetuis 
specimens.  0,  ccbcu8  also  attacks  man.  It  infests  loose  soil  in  the  shade 
of  trees  and  rocks  in  desert-like  tracts,  and  attaches  itself  to  animals 
which  come  there  to  rest.  In  some  parts  it  infests  native  huts  ;  and  the 
sites  of  villages  are  said  to  have  been  changed  because  of  its  presence.  It 
may  distend  itself  with  blood  in  less  than  half  an  hour.  Unlike  il.  per^icusy 
it  will  attack  its  victims  in  daylight.  By  experiment  it  has  been  found 
that  men,  goats,  sheep,  cattle,  dogs,  and  fowls  are  all  acceptable  as  host?. 
The  females  alternate  feasting  with  oviposition.  At  least  three  moulting^ 
of  the  skin  occur  before  the  adult  stage  is  reached,  and  only  one  feeding 
intervenes  between  moults.  The  larva  takes  no  food.  Soon  after  hatch- 
ing it  undergoes  a  moult,  and  becomes  the  octopod  second-stage  tick. 
Specimens  in  difierent  stages  of  life  have  been  kept  without  food  in  dry 
sand  for  upwards  of  a  year. 

Acquired  adaptation  to  the  surroundings  and  to  the  habits  of  the 
usual  hosts  is  most  apparent  in  the  structure  and  habits  of  A.  persicus 
and  0.  C€BCus.  It  seems  not  improbable  that  the  ArgasimB  are  descen- 
dants from  forms  which  remained  for  days  at  a  time  on  the  host^  for 
witness  the  lengthy  feeding  period  of  the  larva  of  A,  perHcus.  Were  the 
larger  later  stages  to  remain,  they  would  be  in  great  danger  of  being 
found  and  devoured  by  the  fowls.  Again,  the  larva  is  plump  and  rounded 
until  it  is  time  for  it  to  leave  the  host.  Then  it  becomes  flattened  horizon- 
tally like  the  mature  ticks.  Were  it  to  remain  rounded,  or  were  the  later 
stages  to  have  this  shape,  there  would  be  difficulty  in  finding  places  in 
which  to  hide.  All  the  stages  of  0,  caucus  are  rounded,  and  such  a  shape  is 
as  good  as  any  other  for  hiding  in  loose  ground.  Obviously,  when  this 
tick  is  on  an  animal  in  a  desert  place  it  is  in  danger  of  being  carried  away 
from  localities  where  it  has  a  chance  of  again  finding  a  host,  and  hence  the 
shorter  its  visit  the  greater  its  chance  of  surviving  to  come  again. 

The  IxodincB  are  also  admirably  adapted  for  the  life  they  have  to  lead. 
All  the  species  that  we  have  reared  moult  twice,  and  the  life-cycle  ia 
thus  divided  into  three  active  stages — the  larval,  nymphal,  and  adult. 
The  larvae  are  all  hexapod,  and  the  nymphs  and  adults  octopod.    Nor« 
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mally  only  one  visit  to  the  host  is  paid  in  each  of  the  three  stages,  and 
the  visit  is  always  one  of  several  days'  duration,  the  body  meanwhile 
becoming  slowly  distended.  Some  species  drop  to  the  ground  to  pass  the 
quiescent  periods  preceding  the  moults,  whilst  others  remain  amxed  to 
the  skin  of  the  host  during  one  or  both  of  these  periods.  It  is  stated  in 
some  writings  that  ticks  subsist  in  part  on  vegetable  matter.  I  have 
no  doubt  that  they  derive  their  nutrition  exclusively  from  living  animals, 
despite  the  protracted  periods  that  they  often  nave  to  await  hosts. 
Unfed  larvae  and  nymphs  and  adults  that  normally  moult  off  the  host  will 
retain  their  vitality  for  many  months  when  kept  in  clean,  cork -stoppered 
bottles :  this  is  a  general  characteristic.  Oviposition  occurs  only  once. 
It  normally  takes  place  in  the  soil  or  amongst  matted  vegetation  or 
rubbish  affording  concealment  on  the  surface.  The  process  is  always  a 
slow  one,  and  occupies  from  a  few  days  to  several  months.  The  eggs 
number  thousands,  and  the  female  dies  beside  them  soon  after  she  ceases 
to  oviposit.  The  larvae  ascend  vegetation,  or  anything  extending  above 
them,  and  come  to  rest  generally  at  the  top  of  some  projection.  There 
they  may  wait  for  months  before  an  animal  by  rubbing  against  their 
support  arouses  them  to  activity.  The  nymphs  and  adults  of  some  species 
also  lie  in  wait  on  vegetation,  and  depend  on  the  passing  of  an  animal  to 
brush  them  off ;  but  those  of  some  other  species  hide  in  the  ground  and 
scramble  to  animals  that  wander  near  them.  Both  sexes  attach  to  the 
host  and  take  nourishment  in  all  three  stages.  They  appear  inseparable 
as  larvae  and  nymphs,  but  are  easily  distinguished  by  secondary  characters 
when  the  adult  stage  is  reached.  Mating  appears  to  normally  take  place 
on  the  host,  and  it  is  usual  to  find  the  male  affixed  to  the  skin  with  his 
ventrum  opposed  to  the  ventrum  of  the  female.  The  males  generally,  but 
not  always,  seek  the  females.  The  sexes  are  produced  in  about  equal 
numbers  ;  but  the  adult  male  generally  remains  far  longer  on  the  host 
than  the  adult  female,  and  hence  is  apparently  the  more  numerous.  The 
duration  of  the  life-cycle  is  very  indefinite  owing  to  the  prolonged  periods 
which  may  be  passed  in  waiting  for  hosts.  It  is  also  greatly  influenced 
by  the  temperature.  The  development,  as  a  rule,  is  most  rapid  with  the 
temperature  between  90^  and  100°  F.  Most  species  delight  in  slightly 
humid  surroundings,  but  some  flourish  where  others  would  quickly  perish 
by  desiccation. 

The  genus  Ixodes  is  placed  first  in  Neumann's  classification  of  the 
locodifue.  The  only  South  African  species  appears  to  be  Ixodes  pUosus. 
This  species  has  been  found  in  grass  districts  of  all  the  colonies,  but  is 
usually  uncommon.  We  have  had  great  difficulty  in  rearing  it,  and  have 
only  succeeded  when  we  have  kept  the  surroundings  in  which  the  specimens 
were  undei^ing  their  metamorphoses  excessively  humid.  The  necessary 
condition  is  naturally  found  amongst  rank  vegetation  on  ill-drained  flat 
ground  and  in  ravines,  and  it  is  on  animals  frequenting  such  situations 
that  specimens  of  the  tick  are  generally  found.  The  species  in  all  of  its 
stages  seems  a  general  feeder  on  warm-blooded  animals,  and  to  thrive 
Ibest  on  the  ox,  sheep,  and  goat.  The  adult  has  been  taken  from  the 
horse,  mule,  ox,  goat,  sheep,  dog,  hog,  cat,  leopard,  bushbuck,  and  man, 
and  both  larvae  and  nymphs  from  the  first  six  and  man.  All  stages  are 
partial  to  the  head,  and  particularly  to  the  ears,  but  may  be  found  almost 
everywhere  about  the  body.  For  convenience  we  term  the  period  from 
the  dropping  of  the  female  to  the  hatching  of  the  eggs  the  *  adult-larva 
stage,'  the  period  from  the  dropping  of  the  larva  to  the  appearance  of  the 
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nymph   the   <  laf va-tlyiUph  Stage,'   and  that  from  the  droppihg  ot  tbd 
nymph  to  the  appearance  of  the  adult,  the  *  nymph-ad  alt  stage.'     In  the 
laboratory  the  adult-larva  stage  has  ranged  from  forty-three  to  ninety- 
three  days  (six  observations)  in   summer,  and  from  222  to  309    days 
(seven    observations)    when   winter   was   included.       The    larva  takes 
2 1  days  or  longer  to  feed,   the    nymph  generally   four,  and  the   adult 
female    five   or  six   when  the    two  sexes   are   applied  together.      Our 
shortest  larva- nymph  stage  record  is  twenty-seven  days,  January  26  t6 
February  22,  and  our  shortest  nymph-adult  fifty-two  days,  March  12  to 
May  3.     These  records  were  made  at  ordinary  temperature  between  the 
dates  given.     Under  out-of-door  conditions  the  life-cycle  must  generally 
extend  over  a  full  year.     The  sexes  attach  independently,  and  after  about 
three   days  the  male  releases  his  hold  and  seeks  a  mate.     It  is  very 
common  to  find  the  male  adhering  to  his  mate  when  she  is  one  third  or 
more  developed,  with  his  rostrum  buried  in  the  genital  pore  ;  and  he  may 
remain    thus  affixed   for  days,   even   should   the  female  become  fully 
engorged  and  be  removed.     If  forcibly  detached,  he  generally  loses  no 
time  in  regaining  the  position.     The  male  of  the  English  Ixodes  ricinua 
behaves  similarly  ;  and  the  object  is  conjectured  te  be  coition.     It  is  very 
unusual  te   find   any  of  the  other  South  African   ticks  thus  sexually 
united,  but  by  the  examination  of  many  hundreds  of  pairs  the  observation 
has  been  made  once  or  more  on  Argas  ptrsicus,  Onitliodoros  savignyi  var. 
ccecvs^    Awhlyomma    IiebrcBum^     Rhipicephaltts    evertsiy     and    BoophUus 
decolorcUus, 

No  species  of  Aponomma  has  been  reared  by  us.  Two  species,  A,  Iceve 
var.  capensis  and  A.  exomcUum,  have  been  collected,  the  fonner  in  the 
adult  stage  from  a  black  snake  and  the  latter  in  the  nymph  and  adult 
stages  from  the  iguana  ( Var  anus  sp.). 

The  genus  AvMyomma  contains  three  South  African  species  that  have 
come  te  our  notice.  The  bont  tick,  A.  hebrcBum,  has  been  given  the 
closest  attention.  This  species  appears  to  be  able  to  subsist  on  any  warm- 
blooded animal.  We  have  fed  it,  or  found  it  attached  in  all  its  stages,  on 
the  horse,  ass,  ox,  sheep,  goat,  dog,  ostrich,  fowl,  antelopes  of  several 
species,  and  man.  The  ox,  however,  is  ite  principal  host,  and  the  one  to 
which  it  is  best  adapted.  As  larva  and  nymph  it  freely  attaches  to  any 
part  of  the  body  ;  but  as  the  adult  it  does  not  commonly  attach  high  on 
the  flanks,  along  the  back,  or  about  the  head.  Eggs  laid  in  the  spring 
and  early  summer  generally  hateh  before  cold  weather,  but  those  laid  in 
late  summer  and  during  the  winter  usually  remain  unhatehed  until  mid- 
summer of  the  following  year.  The  shortest  adult-larva  stage  at  ordinary 
temperatures  that  we  have  observed  took  seventy- six  days,  and  the  longest 
279  days.  The  time  required  for  the  larva  to  become  distended  on  the' 
host  varies  slightly  with  the  kind  of  animal,  and  more  with  the  part  of 
the  animal,  to  which  the  tick  is  attached,  presumably  owing  to  the  greater 
ease  with  which  the  blood  is  drawn  at  one  place  than  another.  The  stay 
is  usually  about  six  days,  but  may  be  as  short  as  four  or  as  long  as  twenty- 
The  larva-lymph  period  in  an  incubator  kept  constantly  between  90**  and 
100**  F.  occupies  fifteen  days ;  at  ordinary  temperatures  it  has  occupied 
from  23  to  1 20  days.  The  nymph  commonly  takes  a  little  longer  to  feed 
than  does  the  larva,  but  many  specimens  have  taken  only  four  and  a 
quarter  days  ;  a  few  have  taken  twenty-five  to  thirty.  The  njmph  adult  . 
period  is  about  eighteen  days  in  the  incubator  ;  at  ordinary  temperatures 
it  has' ranged  fi-om  27  to  160  days.    The  male  takes  up  a  position  on  an 
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iLmmai,  anci  may  remain  tuany  months— even  a  year.  In  about  Are  days 
he  ifl  jreadj  to  mate,  and  exhibits  his  inclination  by  erecting  his  body  and 
waving  his  limbs  shonld  a  female  approach  close  to  him.  The  female  is 
Idth  to  attach  except  by  a  sexually  mature  male,  and  she  appears  not  to 
fe^  to  repletion  until  fertilised.  After  finding  a  mate  she  takes  from 
six  aild  a  half  to  fifteen  days  or  more  to  distend  herself  with  blood. 
A.  hebrceuiri  appears  to  require  a  warm,  moderately  humid  climate  :  it 
thrives  best  in  veld  shaded  by  high  bushes,  and  quite  fails  to  establish 
itself  in  open  low  grass  veld  and  in  the  Karroo.  Its  occurrence  in 
Cape  Colony  is  restricted  to  the  southern  and  south-eastern  districts, 
where  there  is  a  summer  rainfall.  Shade  seems  necessary  to  protect  its 
quiescent  stages  from  desiccation.  The  eggs  are  particularly  sensitive, 
and  owing  to  difficulty  in  maintaining  the  proper  degree  of  humidity  in 
closed  dishes  exposed  to  heat,  most  of  the  eggs  which  we  attempted  to 
force  in  the  incubator  soon  perished. 

In  our  experience  it  is  quite  common  to  find  unfed  larvse,  nymphs, 
and  adults  still  alive  and  vigorous  after  four  to  six  months'  confinement 
in  cork-stoppered  tubes.  We  have  records  of  larva;  and  nymphs  living 
eight  months  and  then  being  fed,  and  a  record  of  an  adult  which  was  alive 
fourteen  months  after  it  had  fed  as  a  nymph.  The  life-cycle  must 
ordinarily  occupy  a  full  year  or  more.  This  species  does  not  at  once 
desert  deaA  animals,  but  most  of  the  specimens  in  all  stages,  if  they  have 
fed  only  a  little,  detach  and  wander  away  in  the  course  of  a  few  days,  and 
such  ticks  may  live  a  month  or  more  and  then  attach  to  other  animals. 
The  nymph  and  adult  rest  in  the  ground  when  awaiting  the  host. 

A.  variegfUum  is  closely  allied  to  A,  hebrceum.  It  is  found  in 
Manicaland  (Rhodesia),'  and  is  occasionally  seen  on  cattle  from  Mada- 
gascar. We  have  tried  to  rear  it  once  only.  The  eggs  took  the  same 
time  to  hatch,  and  the  larvse  and  nymphs  the  same  time  to  feed  and 
moult  as  those  of  A,  hebrcBum  would  have  taken  under  the  same  con- 
ditions. Our  specimens  have  come  from  cattle,  horses,  and  goats.  The 
third  species,  A,  marmoreum^  is  less  closely  related  to  A,  hehrcBum,  Like 
the  other  two,  it  leaves  its  hosts  to  moult.  It  has  been  collected  near 
Capetown  in  the  winter  rainfall  area,  in  the  dry  Karroo,  and  in  the 
south-eastern  districts  ;  hence  it  appears  much  less  sensitive  to  heat  and 
drought  than  A.  liebrcBum,  Its  choice  of  hosts,  however,  is  most  peculiar, 
and  probably  accounts  for  the  comparative  rarity  of  the  species.  The 
common  host  of  the  adult  is  the  tortoise,  and  all  our  specimens  have  come 
from  this  reptile,  except  a  few  from  snakes  of  one  kind  or  another.  On 
several  occasions  we  have  applied  adults  to  the  ox  and  goat,  but  the  only 
ones  that  have  bitten  have  been  partly  fed  ones  torn  from  a  tortoise. 
The  larva  and  nymph  are  not  so  particular  ;  both  feed  readily  on  the 
ox  and  the  goat  as  well  as  the  tortoise.  The  larva  also  freely  attacks 
birds  of  some  kinds.  A  dying  quail  was  once  brought  to  me  with  its  head 
literally  covered  with  engorged  larvae.  A  small  lizard,  confined  in  a  jar 
with  hungry  larvsa,  was  attacked  with  avidity  ;  but  it  died  twelve  days 
later  without  any  of  the  parasites  having  become  fully  distended.  That 
the  adult  female  can  ordinarily  feed  to  repletion  on  a  snake  id  doubtful. 
When  fully  engorged  a  well-developed  female  measures  25  mm.  to  33  mm. 
in  length,  and  20  mm.  or  more  in  breadth,  and  one  would  almost  surely  be 
brushed  off  or  crushed  during  its  growth  were  the  snake  to  move  about 
very  much.  But  the  helpless  tortoise  is  a  safe  host,  and  the  retraction  of 
tiie  body  wi^n  the  shell  may  pf ten  suffice  to  protect  t^  ticks  from  bud 
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enemies;  A  female  tick)  collected  September  23,  1903,  i^as  kept  tincler 
observation.  Oviposition  began  about  November  25,  and  the  eggs  began 
to  hatch  January  23.  Larvae  fed  to  repletion  on  the  scrotum  of  an  ox 
in  five  days,  and  on  the  leg  of  a  goat  in  six.  The  larva-nymph  stage 
occupied  sixteen  days  in  the  iocubator.  Nymphs  fed  in  from  seven  to 
nine  days,  and  the  nymph-adult  stage  took  eighty-two  days  (September  19 
to  December  10)  at  the  temperature  of  the  room.  These  figures  indicate 
that  the  species  develops  in  about  the  same  time  as  A,  hebrceum.  Only 
five  females  have  been  fed  to  repletion.  One  came  away  in  sixteen  days, 
one  in  twenty,  two  in  twenty-seven,  and  one  in  forty-five.  The  mdles  and 
females  attach  in  the  first  place  without  reference  one  to  the  other,  and  we 
do  not  know  whether  the  male  seeks  the  female,  or  the  female  the  male. 
Both  have  been  found  to  detach  themselves  and  move  about,  but  whether 
to  find  a  mate  or  a  better  position  for  feeding  is  uncertain.  Males  have 
moved  up  to  females,  and  females  te  males. 

No  tick  has  given  us  more  trouble  to  rear  than  Ilycdomma  .agyptium 
var.  impressum.  This  species  is  found  throughout  South  Africa,  even  in 
the  dry  est  parts.  The  adult  probably  attacks  any  warm-blooded  animal. 
It  is  common  to  find  it  on  the  horse,  ox,  sheep,  goat,  hare,  and  ostrich, 
and  it  has  been  taken  from  the  dog,  fowl,  and  man.  By  choice  it  attaches 
about  the  feet  and  under  parts  of  the  larger  animals.  The  larva  has 
consistently  failed  to  feed  time  after  time  when  applied  to  the  horse,  ox, 
goat,  sheep,  dog,  and  man.  Many  thousands  of  vigorous  specimens  have 
been  placed  on  one  or  more  goats  on  at  least  twenty  different  occasions, 
and  though  a  few  generally  attached  to  the  skin,  none  ever  fed  to  reple- 
tion. Finally  the  discovery  was  made  that  it  would  feed  readily  on  the 
head  of  a  fowl  or  on  the  head  of  a  rabbit ;  and  now  we  know  it  too  fre- 
quently infests  the  head  of  the  common  hare  of  the  country,  and 
specimens  have  been  taken  from  the  head  of  several  birds,  including  the 
ostrich. 

It  takes  about  nine  days  to  feed,  and  remains  affixed  to  the  skin 
whilst  it  moults  to  the  nymph.  The  nymph  attaches  close  by  the  old 
skin,  and  becomes  fully  distended  about  the  twenty-first  day  (seventeen 
to  twenty-five  days)  ;  it  then  drops.  The  nymph-adult  stage  has  taken 
seventeen  days  in  the  incubator  and  twenty-eight  days  or  longer  in 
summer  at  ordinary  temperatures.  The  adult-larva  stage  has  taken 
forty-two  days  in  the  incubator  and  seventy-one  days,  from  October  1 5 
to  December  24,  in  the  only  record  at  ordinary  temperature  that  we  have 
preserved.  Unfed  larvae  have  remained  active  in  a  glass  tube  for  nine= 
months.  The  unfed  adult  is  often  seen  running  about  the  ground,  and 
has  been  found  in  numbers  hiding  under  the  bark  of  a  tree  at  an  outspan. 
The  male  and  female  attach  to  the  host  independently  at  first,  but  get* 
together  after  a  few  days.  Only  a  few  females  have  been  fed  to  repletion 
under  observation  :  two  of  these  came  away  six  days  after  being  applied* 
to  a  beast  on  which  males  had  been  present  for  two  days.  It  is  not 
probable  that  the  life-cycle  ordinarily  occupies  less  than  a  year. 

The  only  species  of  Hcemaphyaalia  we  know  in  South  Africa  is* 
H,  leachiy  the  common  dog  tick  of  the  country.  It  is  common  in  the- 
coastal  and  grass  veld  districts.  The  species  appears  practically  confined 
to  carnivora,  and  very  few  specimens  have  been  detected  on  cattle  even' 
where  it  is  most  common.  We  have  found  it  on  the  dog,  cat,  leopard, 
jackal,  and  ox.  All  stages  feed  readily  on  the  dog,  cat,  and  jackal,  and 
appear  not  to  be  partial  to  any  particular  part  of  the  body  unless  it  is  tor 
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the  neck.  Both  moults  take  place  off  the  host.  The  adult-larva  stagd 
has  been  as  short  as  twenty-nine  days  at  midsummer ;  and  midwinter- 
laid  eggs  have  hatched  within  100  days  at  the  office.  The  larva  and 
nymph,  as  a  rule,  distend  and  fall  after  a  visit  of  forty-seven  to  seventy 
hours,  and  the  adult  female  generally  remains  eight  to  ten  days.  The 
male  may  remain  ten  weeks  or  more.  The  larva-nymph  period  may  be 
only  ten  to  twelve  days  at  midsummer,  and  the  nymph- adult  period  only 
eighteen  days;  in  the  incubator  the  nymph-adult  period  has  varied 
from  fourteen  to  eighteen  days.  The  sexes  attach  independently,  and 
after  about  three  days  the  males  detach  and  search  for  mates.  The  female 
distends,  whether  fertilised  or  not ;  but  the  eggs  of  the  few  unfertilised 
ones  observed  have  failed  to  hatch.  The  male,  at  least,  is  quick  to  detach 
from  a  host  that  dies.  All  stages  await  in  some  elevated  position  for 
some  animal  to  brush  them  off  in  passing.  Unfed  adults  have  lived  over 
seven  months  in  a  tube.  There  are  probably  two  or  three  generations  in 
A  year  under  favourable  conditions. 

Since  Neumann  wrote  his  monograph  he  has  decided  that  the  genus 
Rhijncepiwlus  should  be  divided  into  two  sub-genera,  EvrhipicepfuUtM 
and  Boop^iilus.  EurhipicepJiolus  contains  several  South  African  species 
that  resemble  one  another  so  closely  in  their  structural  characters  that  it  is 
difficult  to  distinguish  them,  especially  in  the  larval  and  nymphal  stages. 
The  specific  identity  of  some  forms  that  we  have  attempted  to  study  is  in 
doubt.  One  undetermined  species  feeds  in  all  its  stages  on  hares,  and 
appears  as  common  in  the  dry  Karroo  as  in  coastal  districts.  Any  dis- 
cussion of  structural  characters  is  avoided  in  these  notes  j  but,  owing  to 
ignorance  of  the  fact  being  a  source  of  error  to  systematists,  it  seems 
desirable  to  mention  that  s^ult  EhipicsphcUus  males,  during  their  stay  on 
the  host,  change  somewhat  more  in  appearance  than  the  adult  males  of 
other  genera.  By  the  gradual  distension  of  the  body  the  lateral  and 
posterior  margins  are  made  to  project  more  or  less  beyond  the  dorsal 
shield.  Moreover,  the  males  of  most  species  of  Eurhipicephalus  protrude 
a  prominent  caudal  appendage  as  they  distend,  the  presence  of  which  can 
scarcely  be  detected  in  specimens  which  liave  not  fed  for  many  days. 
The  males  of  the  three  species  of  BoophUus  which  we  recognise  in  South 
Africa  have  all  a  well-developed  caudal  appendage  as  soon  as  they  assume 
the  adult  form. 

Eurhipicepfialus  appendictUcUiis  appears  to  be  a  general  feeder  on 
warm-blooded  animals.  The  adult,  we  know,  readily  attacks  the  ox, 
horse,  mule,  sheep,  goat,  dog,  rabbit,  and  man  ;  we  have  not  tried  any 
stage  on  birds  of  any  kind.  The  larva  and  nymph  attach  almost  any- 
where on  the  skin :  the  adult  shows  remarkable  partiality  for  the  hairy 
margin  of  the  ear,  but  we  find  that  it  will  attach  and  develop  quite  as  well 
on  the  scrotum.  The  adult- larva  stage  has  taken  only  thirty-nine  days  in 
the  incubator,  and  from  forty-five  to  eighty-six  days  at  ordinary  tempera- 
ture. Both  moults  are  passed  off  the  host.  The  larva  and  nymph  may 
both  become  full-fed  in  three  days,  but  usually  take  five  or  more.  The 
adult  female  may  feed  up  in  four  days,  but  usually  takes  at  least  eight. 
The  larva-njrmph  stage  has  taken  only  ten  days  in  the  incubator,  twenty- 
one  at  office  temperature  in  summer,  and  forty-one  to  forty-four  at  office 
temperature  in  winter.  The  nymph -adult  has  taken  eleven  days  or  moro 
in  the  incubator,  and  thirty -one  to  100  at  office  temperature.  The  species 
leaves  the  host  at  death.  Some  half-fed  nymphs  which  left  a  dead  ox 
retained  their  vitality  in  a  corked  tube  for  over  seven  months.  Unfiid 
1905.  L'. 
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larvie  have  remained  active  for  nearly  seven  months.  Bdme  unfed  nymptifl 
that  dropped  as  larvse  from  oxen  in  late  July  of  last  year,  and  some  unfed 
adults  that  dropped  as  nymphs  on  April  2  and  3,  1 904,  are  alive  at  the 
time  of  writing  (August  10, 1905).  E.  nitena  may  be  only  a  varietal  form 
of  the  last  species,  but  we  think  it  distinct.  The  habits  are  very  sindlar, 
but  more  specimens  of  the  adult  are  found  on  the  faoe,  and  the  nymphs 
appear  to  take  longer  to  feed. 

The  behaviour  of  E.  evertsi  is  unlike  that  of  any  other  tick,  so  far 
as  we  know.  The  first  moult  is  pstssed  on  and  the  second  off  the  host. 
The  species  appears  a  general  feeder  on.  mammals,  being  common  on 
farm  animals  and  taking  readily  to  the  dog,  rabbit,  and  hare  ;  but 
ivhatever  the  host)  the  larva  and  nymph  are  rarely  found  except  deep  within 
the  ear.  The  adult  is  rarely,  if  ever,  found  in  the  ear,  but  by  choice 
attaches  in  the  vicinity  of  the  anus  or  to  other  hairless  oily  parts.  The 
adult-larva  stage  has  taken  twenty-nine  to  ninety-five  days  at  ordinary 
temperature.  The  nymph  comes  away  eleven  days  or  more  after  the  attach- 
ment of  the  larva,  and  the  adult  female  six  days  or  more  after  being  applied 
with  a  male.  Tlie  nymph-adult  stage  takes  only  eleven  days  in  the  in- 
cubator, but  our  lowest  ordinary  temperature  record  is  twenty-three  days. 

EurhipicephaluB  capensis  is  common  on  many  parts  of  the  body  of 
the  ox,  goat,  horse,  and  dog  as  an  adult,  though  particularly  in  the  case 
of  cattle,  on  the  dewlap,  udder,  and  tail.  The  larva  appears  much  less 
easily  suited,  and  numerous  attempts  to  feed  it  on  the  goat  and  ox  have 
failed,  not  x>ne  in  ten  thousand  specimens  distending  itself.  On  the  dog 
the  larva  feeds  very  satisfactorily,  but,  curiously,  applications  to  very 
young  pups  have  usually  failed.  The  nymph  feeds  freely  o|x  the  ox.  The 
adult'-larva  stage  in  our  roarings  has  taken  forty  three.^^s  and  upwards, 
the  larval  feeding  three  days  and  ovier,  the  larval-nymph  stage  twenty- 
three  days  at  office  temperature,  the  nymphal  feeding  three  to  live  days, 
the  nymph-adult  stage  twelve  days  in  the  incubator,  and  the  adult  female 
feeding  seven  days. 

Our  attempts  to  rear  E,  aimtts  -  have  shown  that  the  larva  of  this 
species  is  also  hard  to.  please.  The  adult  attacks  and  develops  on  many 
animals,  but  seems  to  do  much  better  on  the  dog  than  on  cattle,  horses, 
goats,  or  she4^p.  It  is  found  all  over  the  body  of  the  dog,  but  usually  only 
about  the  feet  and  tail  of  the  ox,  so  far  as  we  have  noticed.  This  nymph 
feeds  readily  on  the  ox,  but  very  few  of  the  innumerable  larvae  that  we 
have  applied  in  various  tests  have  fed  on  this  animal.  The  dog  m  suitable 
as  a  host  for  all  three  stages,  and  the  larva  has  seemed  to  do  well  on  the 
rabbit.  Our  only  adult-larva  record  preserved  shows  a  duration  of  fifty - 
three  days  for  this  stage.  The  larva  has  fed  to  repletion  in  two  days,  the 
nymph  in  three,  and  the  adult  female  in  nine  Larvse  Ijiave  moulted  in 
the  incubator  in  six  days,  nymphs  in  fourteen.  This  species  appears  to 
require  greater  warmth  and  humidity  than  the  other  South  African  spaciea 
of  EurhipicephaliM,  and  in  Cape  Colony  seems  practically  confined  to 
coast  districts  in  tlie  summer  rainfall  area.  E,  appendiculatus  extends 
its  range  much  farther  towards  the  dry  interior,  and  E»  capenaia  sUll 
farther,  whilst  E.  evertsi  seems  able  to  flourish  in  parts  of  the  Karroo 
too  dry  for  any  of  its  cattle-infesting  congeners.  Under  ordinary  con- 
-ditions  it  is  probable  that  all  the  species  pass  through  two  generations  in 
a  year. 

Thi^  Uiree  South  African  species  of  Jiooplnlus  remain  afiixed  to  the 
host  during  both  moults,  as  do  the  species  of  Boophilua  that  have  fageeu 
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investigated  in  other  countries.  B.  decoloratits  is  by  far  the  most  common 
of  all  the  South  African  ticks,  but  it  is  unable  to  thrive  on  the  dry 
plateaux  and  where  the  rainfall  is  scanty.  The  ox  is  its  chief  host,  but  it 
freely  attacks  the  horse,  ass,  sheep,  and  goat,  and  has  been  fed  to  maturity 
on  the  dog.  In  the  southern  districts  of  Cape  Colony  another  Boophilits 
is  found  in  abundance  on  cattle.  This  species  appears  to  differ  in  no 
character  from  the  BoojyhUus  found  on  cattle  in  Queensland.  Neither  do 
we  find  any  essential  difference  between  it  and  B.  micraplus  of  South 
America.  We  shall  here  refer  to  it  as  if.  mislrdlis  Puller,  by  which  name 
it  is  known  in  our  records.  Both  B,  decoloratus  and  B.  atMiraLis  very 
closely  resemble  the  type  species,  B,  anntUatuay  not  only  in  structural 
characters,  but  also  in  habits  and  in  the  duration  of  the  various  life  stages. 
The  adult-larva  stage  occupied  twenty-one  to  twenty-six  days  in  our 
incubator;  at  ordinary  temperature  of  the  laboratory  the  extremes 
recorded  are  40  and  146  days  ior  B.  decfdorcUua  and  35  and  149  days 
for  B.  aiistralis.  The  stay  of  the  female  on  the  host,  from  the  time 
it  attaches  as  a  larva  to  the  time  it  leaves  as  an  adult,  is  generally 
twenty-three  days  ;  in  our  numerous  records  it  has  varied  from  eighteen  to 
thirty-eight  days.  Part  of  this  period  is  spent  in  feeding,  and  part  in  under^- 
going  the  transformations  from  larva  to  nymph  and  from  nymph  to  adult. 
The  nymph  and  adult  attach  to  the  host  close  to  the  moulted  skin  of  the 
previous  stage.  If  the  fed  larva  or  fed  nymph  is  removed  and  kept  ai> 
the  temperature  of  the  air,  it  takes  much  longer  to  moult  than  if  on  the  host. 
The  male,  after  feeding  a  few  days,  releases  its  hold  and  roams  about  for  a 
mate.  He  generally  remains  on  the  host  about  a  month  after  reaching 
maturity.  Two  to  three  generations  of  these  species  are  probably  passed 
in  one  year. 

The  third  South  African  BoophUus  does  not  appear  to  have  been 
described.  It  is  much  larger  than  the  other  species  and  of  distinctive 
appearance.  The  horse  is  its  favourite  host  amongst  domestic  animals, 
and  when  running  on  the  veld  it  may  become  very  heavily  infested  during 
the  winter  months  in  many  districts  of  Cape  Colony.  The  ox  is  said 
to  be  little  troubled  by  the  species,  even  where  the  horse  is  very  much 
troubled.  Few  specimens  have  been  found  during  the  summer  months. 
Most  complaints  of  injury  come  from  high  inland  districts,  but  the  true 
explanation  of  this  fact  may  be  that  greater  numbers  of  horses  are  raised 
there  than  in  other  parts — not  that  the  climatic  conditions  are  more 
favourable  for  the  species  than  at  the  coast.  The  adult-larva  stage  in  our 
laboratory  has  taken  186  to  201  days  ;  on  the  veld  it  probably  takes  even 
longer.  Attempts  to  force  development  in  the  incubator  have  failed,  all 
of  the  numerous  females  of  this  species  that  have  been  exposed  having 
soon  perished,  Very  little  success  has  attended  attempts  to  feed  larvae  in 
the  summer,  and  hence  it  is  suspected  that  the  species  normally  passes 
through  one  generation  only  in  the  year. 

In  closing  this  paper  I  wish  to  mention  that  there  are  doubtless  many 
moi^  species  of  ticks  to  be  collected  at  the  Cape  than  are  here  discussed. 
It  is  even  probable  that  I  have  overlooked  some  species  occurring  com- 
monly on  cattle.  Doubtless,  too,  many  features  of  interest  in  the  lifci- 
cydes  and  host  habits  of  even  the  species  best  knowxL  yet  remain  to  be 
disclosed. 
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Report  orh  an  trwesiigatMn  of  tlie  B<dolm  Gorge  and  AdjaceyU  Portions 
of  the  Zambesi  Valley.     By  G.  W.  Lamplugh,  F.R,S.,  F.G,8. 

Introduction. — Having  undertaken  at  the  request  of  the  Council  of 
the  Association  to  examine  tlie  geological  structure  of  the  country  around 
the  Victoria  Falls  of  the  Zambesi  River  before  the  meeting  of  tho 
Association  in  South  Africa  last  summer,  I  made  a  preliminary  study  of 
the  literature,  and  found  that  there  were  two  essential  matters  on  which 
our  information  was  very  inadequate.  The  first  was  with  respect  to  the 
origin  of  the  Falls  themselves  and  the  reason  for  the  singularly  erratic 
conformation  of  the  gorge  immediately  below  the  f^alL?.  The  second 
was  as  to  the  course  of  the  great  river  for  70  or  80  miles  below  the 
Falls,  respecting  which  there  appeared  to  be  nothing  definitely  known. 
I  therefore  proposed  to  devote  the  short  time  at  ray  disposal  mainly  to 
the  elucidation  of  these  two  matters. 

Before  I  left  England,  however,  fresh  information  became  available 
on  both  points  that  enabled  me  to  modify  and  extend  my  plans.  Strong 
evidence  was  brought  forward  by  Mr.  A.  J.  C.  Molyneux,  of  Bulawayo, 
in  an  able  article  on  *  The  Physical  History  of  the  Victoria  Falls,'  pub- 
lished in  the  *  Geographical  Journal '  for  January  1905,  to  prove  that  the 
majestic  waterfall  and  its  concomitants  have  been  slowly  developed  by 
the  erosive  power  of  the  Zambesi  itself,  and  not  by  the  sudden  opening 
of  a  zigzag  crack  in  the  earth's  crust  by  subterranean  forces,  as  all 
previous  travellers,  adopting  the  opinion  of  David  Livingstone,  had  sup- 
posed. My  own  investigations  have  fully  corroborated  Mr.  Molyneux's 
conclusions  in  this  matter  by  confirmatory  evidence  gleaned  in  the 
immediate  vicinity  of  the  Falls,  and  still  more  by  evidence  gained  from 
examination  of  the  rough  country  below  them.  With  regard  to  this 
country,  although  no  description  of  the  Zambesi  valley  for  the  space  of 
about  70  miles  intervening  between  the  Victoria  Falls  and  Wankie's 
Drift  has  been  published,  the  authorities  of  the  British  South  Africa 
Company  in  London  most  courteously  communicated  to  me  the  substance 
of  a  manuscript  report  prepared  by  their  distinguished  officer,  Mr.  F.  W. 
Sykes,  the  District  Commissioner  at  Livingstone,  who  had  succeeded 
three  years  ago  in  penetrating  the  previously  untraversed  ground  border- 
ing the  left  or  northei*n  bank  of  the  river  for  a  distance  of  some  40  miles 
to  the  eastward  of  the  Falls.  This  report  and  the  beautiful  photographs 
by  which  it  was  illustrated  afforded  an  excellent  basis  for  the  study  of 
the  physical  configuration  of  the  country,  and  enabled  me  to  appreciate 
beforehand  the  nature  of  the  problems  that  required  investigation. 

Route,~-l  reached  Victoria  Falls  on  July  2,  where,  through  the  kind- 
ness of  Sir  Lewis  Mitchell,  I  found  that  preparations  had  been  already 
made  by  Mr.  Sykes  for  the  equipment  of  an  expedition  to  enable  me  to 
investigate  the  wild  country  into  which  the  Zambesi  disappears  after  its 
waters  are  gathered  into  the  deep  gorge  below  the  Falls.  Through  the 
hearty  co-operation  of  Mr.  Sykes,  who,  at  much  personal  inconvenience, 
undertook  to  conduct  the  expedition  through  the  country  north  of  thQ 
river,  native  porters  were  at  once  called  in,  and  the  final  preparations 
soon  made.  It  was  arranged  that  during  the  earlier  stages  of  the  journey 
we  should  enjoy  the  companionship  of  Lieutenant  T.  A.  G.  Budgen,  in 
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command  of  a  detachment  of  native  polica  It  also  happened  that  Colonel 
Frank  Rhodes,  who  took  a  very  keen  interest  in  everything  pertaining 
to  this  region,  was  at  this  time  visiting  the  Falls  with  the  intention  of 
making  a  further  journey  into  the  veld,  and  to  our  great  satisfaction  he 
expressed  his  readiness  to  join  us.' 

Starting  from  the  Falls  on  July  7,  we  followed  the  route,  along  the 


left  bank  of  the  river,  roughly  indicated  on  the  accompanying  sketch 
i^ap.     Our  fipit  camp  was  pitched  at  the  Songwi  stream,  seven  miles 

!  With  the  ipemory  of  his  genial  companionship  fresh  iq  niin4,  it  was  with  deep 
Bprrow  that  4uring  ixfy  homeward  voyage  I  learnt  of  the  untimely  death  of  Colonel 
Rhodes  at  Cape  Town  qt)  September  21,  just  two  months  ivfter  ^e  had  parted  ap 
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Aiatant  from  the  FaUs,  where  we  were  able,  with  some  difficulty,  tq 
make  a  descent  into  the  main  gorge.  Oar  next  march  carried  us  to  the 
Mavangu  streamlet,  some  12  miles  farther  south-eastward,  where  we 
again  reached  the  brink  of  the  gorge  and  investigated  its  structure,  but 
did  not  attempt  to  descend  its  precipitous  walls.  Thence,  makirg  a 
detour  to  avoid  the  intervening  lateral  gorges  of  the  tributaries,  which 
break  backward  farther  and  farther  into  the  plateau  as  their  distance 
below  the  Falls  is  increased,  we  journeyed  for  eight  or  ten  miles  to  a 
camping-place  on  the  nearly  dry  bed  of  the  Mamba  stream.  From  this 
camp  we  reached  the  main  gor^e  and  again  descended  into  it,  the  walls, 
here  about  600  feet  in  height,  being  less  steep  than  in  the  higher  reaches, 
owing  to  the  prolonged  action  of  subaerial  weathering.  At  this  place, 
known  tp  the  natives  as  the  Tshimamba,  the  swift  Zambesi  forms  two 
cataracts,  in  the  lower  and  larger  plunging  with  a  vertical  drop  of  20  feet 
into  a  narrow  gully,  not  more  than  25  yards  wide,  within  which  the  whole 
river  is  confined  except  at  flood-times.  These  catai'acts  were  visited  by 
David  Livingstone  in  1860  ;  and  this  appears  to  be  the  only  part  of  the 
Batoka  Oorge  (as  we  propose  to  name  the  cafion  of  the  Zambesi  below 
Victoria  Falls)  that  was  ever  penetrated  by  the  white  man  until  Mr. 
F.  W.  Sykes's  expedition  of  1902. 

East  of  the  Tshimamba,  although  the  walls  of  the  gorge  are  no  longer 
so  continuously  precipitous  and  are  probably  scalable  in  most  places,  it . 
becomes  exceedingly  difficult  to  reach  its  margin,  owing  to  the  wide  belt 
of  broken  country  seamed  with  impassable  ravines  that '  borders  it  on 
both  sides.  In  our  next  march  we  swung  northward  for  several  miles  to 
avoid  this  country  before  going  east  again  to  the  Karamba  stream,  where 
we  pitched  our  camp  just  above  the  spot  where  the  little  river  drops 
suddenly  from  its  open  valley  on  the  plateau  into  a  gloomy  chafim  only 
15  or  20  feet  wide  at  the  bottom,  with  towering  walls  of  basalt  300  feet 
in  height.  The  Karambii,  after  pcLssing  through  this  chasm  (which  we 
propose  to  name  Kalonga's  Cleft),  flows  in  a  zigzagging  ravine  for  about 
five  miles  before  joining  the  Zambesi.  With  considerable  difficulty  we 
managed  to  make  our  way  to  the  confluence,  but  found,  contrary  to  our 
expectation,  that  the  ba^salts  were  still  the  only  rocks  exposed  in  the 
Batoka  Gorge.  We  then  decided,  as  time  was  pressing  and  supplies  for 
our  carriers  running  short,  to  press  eastward  to  the  termination  of  the 
basalt  country  before  again  attempting  to  reach  the  gorge.  In  adhering 
to  this  plan  we  found  that  the  basalts  were  continuous  to  Wankie's 
Drift,  so  tha^  we  did  not  again  touch  the  Zambesi  until  this  place  was 
reached,  after  four  days  of  hard  marching.  The  first  of  these  days  carried 
us  some  14  miles  N.E.  from  our  Karamba  camp  to  the  banks  of  the 
Ungwesi  River,  the  largest  northern  affluent  of  the  Zambesi  that  we 
crossed  ;  on  the  second  evening  we  encamped  on  the  Gwemansi,  another 
important  tributary,  about  1 6  miles,  as  the  crow  flies,  farther  eastward  ; 
thence,  on  the  third  day,  our  course  lay  south-eastward  for  about  13  miles 
to  'Ntoro  ;  and  on  the  fourth  day  an  easy  march  of  12  miles  brought  us 
down  to  the  Zambesi  at  Wankie's  Drift,  which  was  reached  on  July  20. 
Until  we  reached  the  Ungwesi  not  only  was  the  country-rock  composed 
entirely  of  the  basaltic  series,  but  the  stream -beds  draining  from  north- 
ward also  showed  no  trace  of  detritus  other  than  that  derived  from  the 
basalts.  In  the  bed  of  the  Ungwesi,  however,  there  were  a  few  small 
pebbles  of  granite  and  other  igneous  and  metamorphic  rocks,  ^hich 
d^nol^e  th^t  its  head-waters  probably  reach  back  northward  be^ofid  the  edge 
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of  the  basalts  ;  and  these  pebbles,  along  with  others  of  red  sandstone  and 
cjnglonierate,  became  very  numerous  and  larger  in  size  in  the  beds  of  the 
Gw»man8i  and  three  or  four  other  streams  east  of  the  Ungwesi,  showing 
that  in  this  quarter  we  were  approaching  still  nearer  to  the  edge  of  the 
basalts.  But  in  the  last  two  streams  which  we  crossed  before  reaching 
Wankie's  Drift,  the  Iburumansi  and  the  Bwani,  I  saw  none  of  these 
extraneous  pebbles. 

At  Wankie's  we  were  ferried  by  the  natives  to  the  south  bank  of  the 
river  in  a  small  *  dug-out'  canoe.  Here,  although  basalt  is  still  the 
country  rock,  the  Zambesi  has  again  expanded  into  a  wide  placid  stream, 
dottfKl  with  islands,  in  an  open  valley  ;  and  I  afterwards  found  that  th<^ 
deep  trench -like  Batoka  Gorge  terminates  rather  suddenly  about  ten 
miles  above  this  place. 

It  had  been  arranged  that  Mr.  H.  F.  Greer,  ^  the  British  Routh  Africa 
Company's  officer  who  holds  charge  in  the  district  south  of  the  Zambesi, 
should  meet  us  at  the  Wankie's  crossing,  and  we  found  him  awaiting  our 
arrivaL  On  the  following  day  Mr.  Sykes  and  Colonel  Rhodes  struck 
southward  along  the  Deka  valley  to  reach  the  railway  at  Wankie  Coal 
Mine,  35  miles  distant,  while  Mr.  Greer  and  myself  took  a  westerly 
course  parallel  to  the  Zambesi  (see  sketch  map).  The  subsequent  journey 
was  facilitated  by  the  use  of  horses,  which  was  impracticable  in  the 
rough  and  generally  trackless  country  north  of  the  river.  On  July  21 
we  camped  in  the  deep  valley  of  the  Matetsi  River,  four  or  five  miles 
above  its  junction  with  the  2iambesi ;  and  next  day  we  explored  this  valley 
down  to  its  confluence  with  the  main  river.  It  is  a  little  above  this 
place  that  the  Batoka  Gorge  terminates  and  the  Zambesi  can  expand 
again  in  a  comparatively  open  valley. 

After  another  long  day's  journey  westward  we  again  turned  north, 
and  succeeded  in  reaching  the  Batoka  Gorge  and  descending  into  it  at  a 
point  some  20  miles  east  of  the  nearest  place  at  which  it  was  entered 
from  the  north  bank.  Tlie  caflon  proved  here  to  be  over  700  feet  in 
depth,  with  characteristics  essentially  similar  to  those  farther  eastward, 
and  entirely  in  the  same  basaltic  rocks.  From  this  place  we  travelled 
rapidly  south-westward  over  the  broken  plateau  to  Mr.  Greer's  head- 
quarters near  Matetsi  Station  on  the  railway,  which  was  reached  on 
July  26. 

Not  having  succeeded  in  obtaining  any  evidence  as  t«)  the  strati-^ 
graphical  position  of  the  basalts,  I  desired  to  go  southward  to  near  the 
hea<l  waters  of  the  Deka  River,  where  previous  information  had  led  me 
to  expect  that  their  base  would  be  found  ;  and  Mr.  Greer  having  most 
kindly  undertaken  to  escort  me  to  this  place,  we  started  out  from 
Matetsi  again  on  July  28.  We  followed  a  devious  route  in  order  to  take 
advantage  of  the  open  trails,  gathering  on  the  way  much  information 
regarding  the  upper  drainage  system  of  the  Matetsi  basin,  and  after 
travelling  about  70  miles  reached  Mr.  Giese's  ranch,  near  the  site  of  the 
c\d  hunter's  post  known  as  Deka,  after  dark  on  July  31.  I  was  dis? 
appointed  next  day  to  find  here  no  trace  of  the  termination  of  the 
iHwalts,  which  must  extend  southward  beneath  the  surface  deposits  of 

*  While  this  is  passing  through  the  press,  the  sad  news  has  been  received  that 
Mr.  Greer  died  at  Wankie  on  February  3  last,  cut  down  before  reaching  his  prime  by 
the  dreaded  black-water  fever.  After  our  comradeship  on  the  veld  and  the  enjoy-* 
ment  of  his  friendship,  my  appreciation  of  the  high  qualities  of  Mr.  Qreer  wassqch 
tiiat  this  news  brings  an  inexpressible  sense  of  personal  loss.  ^  t 
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the  northern  part  of  the  Kalahari  region,  on  the  verge  of  which  we  now 
found  ourselves. 

It  had  been  our  intention  to  return  from  Deka  to  Victoria  Falls  by 
the  old  traders'  road  past  Paudamatenka  and  Gasuma ;  but  as  the  Bush- 
men reported  that  the  exceptionally  dry  season  had  exhausted  the  waters 
of  Gasuma  Vley  this  plan  became  impracticfible,  and  we  therefore  turned 
north-eastward  and  pursued  a  course  roughly  parallel  to  the  Deka  River 
for  a  distance  of  about  55  miles  to  the  Wankie  Coal  Mine  and  Railway 
Station,  which  we  reached  on  August  4.  We  suddenly  passed  off  the 
basalts  on  to  the  sandstones  and  shales  associated  with  the  Wankie  Coal 
Measures  after  crossing  the  Deka  six  miles  we?t  of  Wankie  ;  and  I  there- 
fore remained  for  four  days  longer  in  this  district  to  investigate  iU 
geological  structure  more  closely,  profiting  greatly  during  my  stay  from 
the  guidance  and  kind  hospitality  of  Mr.  J.  M.  Kearney,  the  manager  of 
the  mine. 

My  camping  work,  rendered  possible  through  the  unstinted  asBistanoe 
generously  afforded  by  the  British  South  Africa  Company  and  its  officers, 
terminated  at  this  point,  after  having  extended  over  600  miles  of  actual 
trekking. 

Then  returning  by  railway  to  Victoria  Falls  I  spent  a  few  more  days 
in  examining  the  head  of  the  gorge  and  its  surroundings  ;  aild  left  there 
finally  on  August  18  in  order  to  join  the  meeting  of  the  Association  in 
Johannesburg,  where  a  preliminary  report  of  my  investigation  was  pre> 
sented.* 

The  material  collected  during  the  journeys  above  outlined  includes  a 
large  number  of  geological  specimens,  ancient  stone  implements,  and  some 
recent  fresh- water  shells.  As  much  of  this  material  still  remains  to  be 
« worked  out,  and  as  it  is  intended  subsequently  to  prepare  a  fuller  account 
of  the  scientific  results,  it  will  suffice  for  the  present  to  give  only  a  brief 
forecast  of  these  results. 

Geographical  mid  Physiographical  Features, — The  only  maps  of  the 
region  at  present  available  are  merely  sketch  maps  pieced  together  from 
travellers'  scanty  records  ;  and  even  for  the  country  south  of  the  Zambesi, 
about  the  head-waters  of  the  Matetsi  and  Deka  Rivers,  which  has  been 
frequently  traversed,  the  best  existing  map  is  very  inaccurate ;  while  for 
the  course  of  the  Zambesi  itself  and  the  country  to  the  north  of  it 
between  Victoria  Falls  and  Wankie's  Drift  the  mapping  is  frankly  hypo- 
thetical. 

After  entering  the  Batoka  Gorge  below  the  Falls  the  Zambesi,  with 
many  sudden  curves  and  sharp- angled  bends,  pursues  on  the  whole  a 
southerly  oi*  sputh-south -easterly  course  for  10  or  12  miles.  Then  turning 
eastward  it  appeara  to  follow  an  average  easterly  course  for  about 
20  miles,  though  with  some  remarkable  windings  that  have  as  yet  been  only 
approximately  traced.  Its  twisting  channel  afterwards  begins  to  screw 
northward,  with  an  average  east-north-easterly  direction,  and  apparently 
continues  in  this  general  course  for  nearly  thirty  miles,  to  a  little  beyond 
the  confluence  of  its  northern  tributary,  the  Ungwesi.  It  then  swings 
round,  still  with  many  sharp  windings,  to  an  east -south -east  and  south- 
easterly direction,  in  which  it  continues  to  Wankie's  Drift  (see  sketch 
map).     Its  general  course  between  Victoria  Falls  and  Wankie's  is  thus 

*  An  abstract  of  this  report  has  been  published  in  Nature,  vol.  Izxiil.  pp.  111-114 
(November  30,  1905).  .  .    • .  . 
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resolved  into  two  great  curves,  the  first  with  its  convexity  toward  the 
south,  and  the  second,  convex  toward  the  north. 

Except  in  the  upper  part  of  the  southerly  bend  below  the  Falls,  the 
general  direction  of  the  numerous  tributaries  which  join  the  Zambesi 
from  the  north  in  the  country  traversed  is  from  north-west  to  south-east, 
though  the  deep  ravines  into  which  they  plunge  on  approaching  the 
Zambesi  often  reproduce  in  miniature  the  erratic  zigzags  of  the  main 
gorge.  In  its  wider  aspect  this  part  of  the  country  exhibits  a  tree-clad 
plateau  of  basalt  sloping  gradually  toward  the  south-east,  ed^ed  on  the 
north  by  broad  smooth  *  bults '  of  thick  red  sand  resting  on  the  basalt  and 
clad  with  larger  trees.  This  plateau  is  broken  by  wide  shallow  valleys  of 
low  gradient,  whose  flat  bottoms  are  generally  covered  with  two  or  three 
ieet  of  blackish  loam  which  supports  a  luxuriant  growth  of  tall  rushy 
grass  without  trees  ;  but  as  they  approach  the  Zambesi  these  open  valleys 
break  away  into  the  deep  precipitous  ravines  already  described ;  and  it  is 
important  to  note  that  the  length  of  these  ravines  was  found  to  increase 
steadily  as  we  journeyed  eastward  from  Victoria  Falls. 

It  is  clear  that  the  open  valleys  represent  a  mature  stage  of  the  tribu- 
taries in  their  relation  to  the  trunk -drainage,  similar  to  that  which  still 
exists  in  the  tributaries  that  join  the  Zambesi  above  the  great  Falls,  and 
that  the  cations  in  which  they  now  terminate  are  a  measure  of  the 
erosion  which  has  taken  place  since  the  streams  were  rejuvenated  by  the 
gradual  backward  excavation  of  the  Batoka  Gorge.  Owing  to  this  reju- 
venation  a  gradually  widening  belt  of  the  plateau  which  borders  upon  the 
main  gorge  has  become  exceedingly  rent  and  stony  from  the  washing 
away  of  the  surface  soil  down  tlie  spreading  network  of  gullies  ;  but  the 
level  spaces  Of  limited  extent  that  have  not  yet  come  under  this  influence 
possess,  where  not  covered  with  the  surface-sands,  a  Arm  red  lateritic  soil 
derived  from  the  decomposed  basalt. 

That  the  Batoka  Gorge  itself  has  been  earned  gradually  backward  into 
the  heart  of  the  plateau  by  the  erosive  agency  of  the  Zaml)esi  in  its  rapid 
descent  from  the  basaltic  upland  is  further  shown  by  the  falling  off  in  the 
angle  of  slope  of  its  sides  as  we  descend  the  river.  At  Victoria  Falls, 
where  the  gorge  is  freshly  cut,  its  walls  are  practically  vertical ;  but  a  few 
hundred  yards  below,  they  are  already  beginning  to  show  the  efl*ect  of 
weathering  by  the  slight  recession  of  their  crest  line  and  by  indications  of 
terracing  along  the  planes  of  stratification.  Seven  miles  farther  down, 
this  recession  and  terracing  become  so  pronounced  that  the  average  angle 
of  slope  from  base  to  crest  is  reduced  to  60^  or  less  ;  thirty  miles  below 
the  Falls,  it  is  no  more  than  35°  ;  and  farther  eastward,  the  sides  of  the 
gorge  have  been  weathered  down,  into  bushy  slopes,  broken  here  and  there 
by  low  bars  of  crag,  with  an  average  inclination  of  30°  or  under. 

The  basaltic  country  traversed  south  of  the  Zambesi,  while  presenting 
the  same  general  features  as  that  north  of  the  river,  differs  from  it  in  some 
respects,  owing  to  the  comparatively  great  antiquity  of  its  low-level  drain- 
age. The  Matetsi  and  the  Deka  run  much  more  obliquely  to  the  general 
course  of  the  Zamlx^si  than  do  the  northern  tributaries.  Thus  the  Matetsi 
leaves  only  a  narrow  wedge  of  country  to  drain  directly  to  the  main  river, 
and  itself  draws  many  streams  from  the  southern  side  of  this  wedge.  It 
makes  its  confluence  with  the  Zambesi,  as  we  have  already  seen,  below  the 
eastern  termination  of  the  great  gorge,  while  the  Deka's  confluence  lies  still 
farther  eastward  ;  so  that  these  rivers  have  had  time,  not  only  to  carve  out 
long  deep  valleys  into  the  plateau,  but  to  develop  wide  drainage  basins 
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around  these  valleys.  Bat  even  tinder  these  oonditions  it  is  not  a  little 
remarkable  that  the  Matetsi  basin  should  constitute  the  most  conspicuoaa 
feature  in  the  physiography  of  the  basalt  country,  and  should  apparently 
he  more  pronounced  than  that  of  the  Zambesi  itself.  Except  in  the  Bust 
few  miles  below  the  Falls,  where  a  shallow  outer  valley  is  traceable,  the 
Batoka  Gorge  and  its  laterals  trench  so  sharply  into  the  plateau  that  one 
can  rarely  be  aware  of  their  position  until  one  reaches  their  very  brink  ; 
while  the  Matetsi,  nearly  up  to  its  head,  lies  within  a  great  basin  that  is 
rea)gnisable  long  before  we  reach  the  river.  This  peculiar  conformation 
of  the  country  deserves  further  investigation. 

It  is  noteworthy,  as  was  long  ago  pointed  out  by  Chapman,*  that  the 
course  of  the  Dcka  River  for  a  long  distance  very  nearly  coincides  with 
the  junction  of  the  basalt  with  the  sandstone.  My  examination  of  this 
junction  north  and  west  of  the  Wankie  Coalfield  showed  that  the  sand- 
stone is  locally  indurated  to  quartzite  along  the  line  of  the  great' fault 
that  forms  the  boundary  of  tho  two  formations,  and  that  although  in  the 
portion  examined  the  river  impinges  several  times  upon  this  hard  belt,  it 
always  recoils  again  upon  the  more  perishable  basalts.  The  prolongation 
of  this  fault-plane  north -eastward  may  very  possibly  account  for  the  great 
northerly  bend  made  by  the  Zambesi  immediately  below  the  oonfluenoe  of 
the  Deka. 

Geology. — The  msin  geological  features  of  the  country  have  been 
already  stated  incidentally.  The  basalts,  named  by  Molyneux  the  'Batoka 
Basalts,'  that  occupied  all  except  about  80  square  miles  of  the  2,000  square 
miles  embraced  within  my  traverses,  rapresent  a  succession  of  ancient 
lava-flows  that  ha v&  extended  far  beyond  the  region  examined.  In 
their  prevalent  characters  these  basalts  are  remarkably  uniform,  con- 
sisting generally  of  thick  bands  of  close-grained  dark -blue  rook  alter- 
nating with  red,  purple^  or  ashy-looking  amygdaloidal  bands  which  mark 
off  the  surfaces  of  the  separate  flows.  These  less  massive  bands  frequently 
show  a  fragmental  structure  and  occasionally  pass  into  fine  or  coarse 
agglomerates  suggestive  of  volcanic  tuffs  or  ashes  ;  but  I  think  that  this 
structure  probably  represents  the  *  flow  breccia  '  produced  by  the  breaking' 
up  of  the  solid  crust  of  the  lava  streams  during  the  onward  movement  of 
their  still-fluid  interior.  I  sought  for  interstratified  sediments  among 
the  bcusalts,  but  found  none  ;  though,  judging  from  the  aspect  of  some  of. 
the  railway  cuttings  in  the  Katuna  valley,  west  of  the  Deka,  it  is  not 
improbable  that  such  may  occur  in  parts  of  the  plateau  that  I  had  no 
opportunity  to  examine.  Certain  thin  flaggy  sandstones  that  were 
encountered  in  patches  on  the  watershed  between  the  Deka  and  the 
Matetsi  appeared  to  be  newer  than  the  basalts.  Nothing  was  seen  to 
indicate  the  position  of  the  volcanic  vent  or  vents  from  which  the 
immense  lava- flows  have  been  poured  ;  and  it  is  probable  that,  like  similar 
'  plateau  basalts '  in  other  parts  of  the  world,  they  have  had  their  source 
in  fissure-eruptions.  Their  original  thickness  in  the  lower  part  of  the 
Batoka  Gorge  cannot  have  been  less  than  1,000  feet^  and  may  have  been 
very  much  more. 

The  basalts,  wherever  examined,  were  strongly  jointed  ;  but  columnar 
structure  was  only  rudely  developed  and  not  prevalent.  The  main  joints 
forrn  a  remarkably  regular  and  persistent  system,  striking  approximately 
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Mst  and  west  over  wide  areas  ;  and  the  basalts  are  also  fractured  in  the 
same  direction  by  numerous  strongly  marked  vertical  planes  along 
which  the  rock  is  more  or  less  crushed  and  veined,  that  evidently  mark 
tines  of  faulting.  It  is  to  the  presence  of  these  joints  and  faults  that  the 
sudden  and  acute  bends  of  the  Zambesi  and  its  tributaries  in  their  gorges 
below  Yictoria  Falls  are  mainly  due,  as  the  erosive  agencies  work  selec- 
tively upon  these  weak  planes,  so  that  the  running  waters  tend  to  sink 
deeply  along  them.  This  result  of  differential  erosion  is  especially  marke<{ 
when  the  weak  planes  run  transverse  to  the  general  direction  of  the 
stream.  Thus  at  the  Falls,  the  awe-inspiring  chasm  into  which  the 
Zambesi  is  precipitated  lias  been  hollowed  out  along  a  vertical  east-and- 
west  fracture,  which,  as  I  discovered  on  descending  to  the  bottom  at  the 
*  Eastern  Recess,'  is  filled  with  calcite  and  other  soft  vein-material  between 
walls  of  shattered  and  partly  decomposed  basalt. 

The  '  Deka  Fault,'  by  which,  as  already  mentioned,  the  Batoka  Basalts 
are  abruptly  truncated  along  the  Deka  River,  proved  in  the  portion 
examined  to  strike  E.N.E.  to  W.S.  W.,  and  must^  I  think^  have  its  down- 
throw on  the  N.N.W.  or  basalt  side.  The  downthrow  was  not,  however, 
directly  deduoible  from  the  evidence  yielded  by  the  fault  itself,  but  from 
evidence  obtained  in  the  Wankie  Coalfield  and  on  other  grounds  that  will 
be  discussed  in  a  Ibter  <M>mmunication.  This  fault  appears  to  be  the  most 
important  feature  in  the  structural  geology  of  the  region. 

From  the  Wankie  Coal  Measures  T  collected  some  fragmentary  plant- 
rebciains,  and  among  these  Vertebraria  has  been  recognised  by  Mr.  A.  C. 
Seward,  F.R.S.,  who  kindly  examined  them  for  me.  This  supports  the 
suggestion  of  Mr.  Molyneux  'that  the  Wankie  Coal  Measures,  like  other 
Rhodesian  coalfields,  are  ol  Permo-Carboniferous  age.  The  Batoka 
Basalts,  by  their  position  in  regard  to  these  rocks,  are  shown  to  be  newer, 
but  their  age  within  narrower  limits  has  not  yet  been  satisfactorily 
determined. 

The  surface-depositB  of  sand,  sandy  limestone,  and  cellular  quartzite 
which  locally  overlie  the  basalts  in  the  traversed  part  of  the  Zambesi 
basin  are  evidentlv  analogous  to  the  superficial  formations  of  the  Kalahari 
Desert  recently  described  in  great  detail  by  Dr.  8.  Passai^.^  Their 
mode  of  occurrence  in  this  region  does  not,  however,  seem  to  indicate  the 
regular  sequence  of  events  deduced  by  Dr.  Passarge  from  his  study  of  the 
Kalahari  formations ;  for,  although  the  thick  red  sand  must  have  been 
accumulated  under  conditions  difierent  from  those  which  now  prevail,  the 
patches  of  limestone  and  quartzite  which  I  examined  appeared  to  me  to 
be  assignable  to  local  circumstances  that  still  exist. 

I  was  impressed  throughout  my  traverses  with  the  singular  scantiness 
of  alluvial  deposits  in  places  where  the  conditions  seemed  favourable  to 
their  extensive  accumulation  by  fluviatile  agency.  It  was  also  remark- 
able that,  although  the  region  was  tenanted  until  very  recently  by  extra- 
ordinary numbers  of  the  larger  mammals,  not  a  single  bone  or  tooth  of 
these  animals  rewarded  mv  Search  in  the  dry  river-beds  and  other  likely 
spots.  The  peculiar  conditions  of  climate  that  retard  the  accumulation 
of  alluvium  seem  also  very  rapidly  to  destroy  even  the  less  periehable 
relics  of  organic  life. 

Fuller  information  on  several  of  the  points  touched  upon  in  these 
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notes  will  be  included  in  a  separate  paper,  now  in  preparation,  on  the 
geology  of  the  district. 

The  rock  specimens  that  were  collected  have  been  handed  over  to  the 
Petrological  Department  of  the  Geological  Survey  at  the  Jermyn  Street 
Museum,  where  they  will  be  preserved  for  reference. 

Ancient  Stone  Imjiiementg,— On  the  low  ground  bordering  the  Zambesi, 
just  above  Victoria  Falls,  I  noticed  many  rudely  chipped  implements 
of  chalcedony  and  agate,  upon  the  low  bosses  of  weathered  basalt  that  rise 
slightly  above  the  alluvial  soil  of  the  flat.  These  were  usually  associated 
with  rounded  pebble- like  stones  of  like  composition,  that  appear  to  be  the 
relics  of  ancient  river  gravel,  and  some  of  the  implements  themselves 
showed  signs  of  wear,  as  if  by  river  action.  I  afterwards  found  similar 
implemeutiferous  ground  in  patches  along  the  crest  of  the  gorge  on  both 
sides  for  several  miles  below  the  Falls,  generally  lying  within  the  broad 
shallow  depression  which  appears  to  represent  the  ancient  high-level 
valley  in  which  the  Zamb^i  flowed  before  the  Batoka  Gorge  was 
excavated.  The  implements  are  particularly  abundant  on  the  high  flat 
spurs  that  lie  between  the  zigzags  of  the  gorge  immediately  below  the 
Falls.  A  few  were  also  found  in  parts  of  the  country  distant  from  the 
main  river,  but  nowhere  in  such  abundance  or  in  the  same  worn  condition 
as  in  the  neighbourhood  of  the  Zambesi  above  and  below  the  Falls. 

I  made  a  small  collection  of  these  implements,  which  was  exhibited  at 
the  meeting  in  J  ohannesburg,  and  will  be  eventually  handed  over  to  the 
authorities  of  the  British  Museum.  Other  collections  were  subsequently 
made  by  members  of  the  Association  who  visited  the  Falls,  and  attention 
has  been  drawn  to  the  subject  in  short  papers  written  by  Col.  H.  W, 
Feilden  ^  and  Mr.  J.  P.  Johnson.^ 

If  any  of  the  implements  found  below  the  Falls  have  really  reached 
their  position  when  the  Zambesi  still  flowed  over  their  present  sites,  as 
seems  probable,  they  must  be  of  very  considerable  antiquity,  and  will 
deserve  the  careful  attention  of  anthropologists.  I  have  therefore  em« 
bodied  all  the  facts  relating  to  these  implements  that  came  under  my 
notice  in  a  separate  paper,  which  has  been  communicated  to  the  Anthropo- 
logical Institute  and  will  be  published  shortly. 

Recent  Fresh-vmter  Sliells, — Empty  shells  of  fresh- water  moll usca  were 
plentiful  on  some  of  the  dry  flood-banks  of  the  Zambesi  and  its  tributaries, 
and  in  the  beds  of  desiccated  pools  or  vleys.  Specimens  of  thes^  were 
collected  during  my  journey,  though,  as  I  was  unable  to  find  opportunity 
for  obtaining  the  living  molluscs,  the  shells  are  not  usually  in  perfect 
condition,  and  also  probably  represent  only  the  commoner  forms. 

Mr.  Edgar  A.  Smith,  of  the  Natural  History  (South  Kensingtpn) 
Museum,  very  kindly  undertook  the  determination  of  these  shells,  pf 
which  the  following  is  a  list,  with  the  localities. 

A  few  conspicuous  shells  of  land  snails  which  were  included  in  tl)e 
collection  were  also  determined  by  Mr.  Smith  :  they  prove  to  be  i^ll 
referable  to  Achatina  immaculcUay  Lamarck,  and  Achaiina  Craveniy  S^iith- 

>  Nature,  vol.  Ixxiii.  Nov.  23,  1906,  p.  77. 
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Frem-watei*  Shells  from  the  Middle  Zambesi  Basin, 

Speoids.  Localities. 

A/elania  tuherculata  (Miiller)  .     Matetsi  River,  near  moutb. 

,j         sp.  allied  to  VicUrrUr,  V>ohrn.  „  „ 

„         sp.  ...    Zambesi  River,  above  Victoria  FallF. 

LanigteSy  sp.  perhaps  a  van  of  L.  ovum,  1  Dry  Ylcy  between  head- waters  of 

Peters  j        Matetsi  and  Deka  Rivers. 

Viripara  capillat4ii  Frauenfeld  .        .    Vley  in  Deka  Valley,  near  Bumbusi ; 

and  Bwani  River. 
Pfii/sojms  a/rieana^  ferauss         .        .    Vley  in  Deka  Valley,  near  Bambusi* 
Lim7ura,8p.  .        .        .  „  „  „ 

Planctbit  Pfeiff&ri,  Krauss         .        .  „  „  „ 

UnUf  zambesiensis,  Preston  .        •        .    Zambesi  River^  at  crest  of  Victoria 

Falls. 
„    spi  •        .        4    Matetsi  tliver}  Bwani  River;  Deka 

River. 
Spatha  IVahlberffif  Krauss  .        •        .     Zambesi  River,  at  mouth  of  Matetsi 

River ;  Deka  River. 
Corbicula  astartina.  Martens      *        .     Deka  River ;  Matetsi   River,    near 

mouth. 
„        raduUa,  Parreyss         ,        .    Deka  River }  Bwani  River. 

In  conclusion  It  is  my  pleasant  duty  gratefully  to  acknowledge  the 
great  assistance  rendered  during  the  investigation  by  the  officers  of  the 
British  South  Africa  Company  in  Rhodesia  and  also  in  London  ;  by  the 
engineers  of  the  Wankie  Coal  Mine  and  of  the  Rhodesia  railways  ;  and 
by  many  other  friends  in  Rhodesia.  To  Mr.  F.  W.  Sykes  I  am  peculiarly 
indebted  for  removing  initial  difficulties,  and  for  his  unstinted  co-opera- 
tion  and  guidance  in  the  most  difficult  part  of  the  work  ;  to  Mr.  H.  F. 
Greer,  for  the  invaluable  assistance  which  enabled  me  to  carry  out  the 
traverses  south  of  the  Zambesi ;  and  to  Mr.  J.  M.  Kearney,  for  the 
facilities  afforded  me  for  examining  the  country  around  Wankie.  To 
Mr.  A.  C.  Seward,  F.R.S.,  and  Mr.  E.  A.  Smith  I  am  indebted,  as  already 
mentioned,  for  the  determination  of  specimens. 


Report  on  Ruins  in  Rhodesia.     By  David  Randali4-MacIver. 
(Abstract  of  Lecture  delivered  at  Balawayo.) 

TiiK  history  of  the  East  Coast  is  absolutely  dark  until  the  tenth  century, 
when,  as  is  known  fron>  the  chronicle  of  Kilwa,  the  earliest  of  the 
Mohammedan  settlements,  Magadoxo  was  founded.  To  judge  from  the 
scanty  documentary  evidence  available,  the  Zambesi  was  quite  unknown 
to  the  civilised  world  before  the  era  of  Mohammed.  Sofala  itself  was 
colonised  from  Magadoxo,  and  there  is  no  justification,  in  the  absence  up 
to  the  present  of  archaeological  finds,  for  ascribing  its  foundation  to  any 
more  remote  date. 

From  Sofala,  or  rather  from  Beira,  which  has  supplanted  it  within  the 
last  generation,  is  the  natural  entrance  to  the  interior,  where  the  ruins  to 
be  described  are  situated.  The  lecturer  had  explored  seven  sites,  viz., 
the  Rhodes  Farm  at  Inyanga,  a  place  sixteen  miles  farther  north  which 
he  had  named  the  Niekerk  Ruins,  Umtali,  Nanatali,  Dhlo  Dhlo,  Khami, 
and  Zimbabwe.  Taking  these  in  order  he  described  the  results  obtained 
from  them,  which  may  be  briefly  summarised  as  follows. 

The  remains    at    Inyanga   consist    of  pit-dwellings,    hill-forts,  and 
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irrigation-trenches.  The  pit-dwellings  are  not  subterfandan,  but  are 
Htructures  built  up  from  the  ground  level.  Placed  on  the  slope  of  a  hill 
they  contain,  besides  the  pit  with  its  corridor,  a  regular  series  of  low  stone 
circles  (ordinarily  six  in  number)  on  the  surface  of  the  artificial  platform 
within  which  the  pit  and  corridor  were  made.  These  circles  were  the 
foundations  of  huts,  and  in  them,  as  well  as  in  the  pit,  were  found  articles 
which  proved  them  to  have  been  inhabited,  and  that  by  a  Kaffir  people. 
The  evidence  of  many  different  dwellings,  scattered  over  a  great  extent  of 
country,  from  which  the  results  were  all  consistent,  disproves  the  com- 
monly received  idea  that  such  objects  were  due  to  casual  modem  occupation. 
The  explanation  of  these  peculiar  structures  was  furnished  by  the  Niekerk 
Ruins,  an  immense  settlement  over  fifty  square  miles  in  extent,  where 
they  constantly  occurred  on  the  tops  of  hills  surrounded  by  a  great 
system  of  concentric  rings  of  intrenchmeht.  "They  are,  in  brief,  mtnta- 
Cure  citadels. 

Of  hill -forts  there  are  four  on  the  Rhodes  estate  and  two  on  the 
Niekerk  Ruins.  They  are  built,  like  the  pit-dwellings,  of  undressed  stones 
without  mortar,  and  their  positions  crowning  steep  kopjes  have  been 
admirably  selected  from  the  military  point  of  view.  The  ground  plans 
vary,  but  the  unit  of  construction  is  the  ellipse,  often  very  unsym metrical, 
as  it  has  been  adapted  to  all  the  irregularities  of  the  ground.  The  most 
elaborate  of  the  forts  is  one  on  the  Rhodes  estate,  which  is  interesting  as 
being  the  prototype  of  such  more  elaborate  buildings  i^  Dhlo  Dhlo. 
Another,  on  the  Niekerk  Ruins,  shows  the  origin  of  the  famous  '  Parallel 
Passage '  at  Zimbabwe  :  the  wooden  bolts  of  its  doors  were  found,  one  of 
them  in  position  and  still  intact.  Pit-dwellings,  hill-forts,  and  irrigation* 
trenches  are  all  contemporary  with  one  another.  Many  objects  were 
found  in  excavating  them,  viz.,  iron  tools  and  weapons,  copper  and  bronze 
ornaments,  pottery,  &c.  These  are  all  of  types  very  similar  to  those  used 
by  modem  Kaffirs,  and  nothing  was  found  which  an  archaeologist  can 
recognise  either  as  ancient  or  as  of  foreign  manufacture.  There  are  no 
foreign  characteristics  in  the  style  of  the  building,  but  on  the  contrary 
there  are  very  close  resemblances  of  detail  to  Kaffir  work. 

It  should  be  mentioned  that  at  the  Niekerk  Ruins  was  found  a  most 
interesting  place  of  offerings  which  yielded  many  objects,  including  stone 
implements,  which  were  proved  in  this  case  to  be  contemporary  with  the 
iron. 

Umtali  forms  the  last  link  in  this  chain  of  sites,  which  seem  to  be 
graduated  in  type  as  we  progress  southwards'  from  the  Zambesi.  For 
while  the  most  northern  region  was  strongly  fortified  the  necessity  for 
defence  seems  to  grow  less  further  south  until  at  Umtali,  though  the 
plans  of  the  buildings  are  derived  from  those  of  Inyanga,  yet  there  are  no 
intrcnchments,  citadels,  or  forts.  It  was  at  Umtali,  near  a  structure 
which  may  be  provisionally  termed  an  altar,  that  Mr.  E.  M.  Andrews 
discovered  an  extraordinary  collection  of  magical  objects  carved  in  soap- 
stone,  including  figures  of  men  and  women,  birds,  beasts,  Ac, 

From  Umtali  the  lecturer,  accompanied  by  Mr.  E.  M.  Andrews,  proceeded 
to  explore  the  four  other  places  mentioned,  which  are  more  generally 
known  than  the  northern  sites,  though  not  in  reality  of  a  different  class. 
Tlie  difference  is  merely  that  on  the  more  southern  sites  the  buildings 
are  more  finished  and  elaborate.  Dhlo  Dhlo,  for  instance,  is  simply  a 
fortified  kraal,  the  outlying  parts  of  which  are  built  of  undressed  stone  in 
a  style  almost  as  rough  as  anything  at  Inyanga,  in  spite  of  the  fact  that 
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to  tnUoh  csite  has  been  expended  on  the  citadel,  which  is  made  of  slightly 
dressed  stonas  and  ornamented  with  patterns  on  the  walls.  From  Dhlo 
DIilo  there  was  obtained  conclusive  evidence  of  date.  An  outwork  in 
front  of  the  citadel  had  been  used  as  a  smelting  place  for  tin,  a  metal 
which  has  not  been  discovered  by  prospectors  in  Southern  Rhodesia,  but 
i9  known,  on  the  other  hand,  to  have  been  imported  by  the  Portuguese. 
In  the  same  part  were  found  fragments  of  green  f^lass  and  of  Nankin 
china.  From  a  great  debris  heap  on  the  side  of  the  citadel  were  recovered 
various  objects,  some  of  definitely  niediwval  type,  c.y.,  a  pair  of  iron 
manacles,  which  are  represented  on  a  sixteenth- century  Valencia  tile, 
glass  beads  (probably  Indian),  and  Nankin  china.  There  was  no  difference 
in  character  between  the  objects  found  in  the  upper  and  the  lower  levels 
of  this  kitchen  midden. 

The  absolute  proof  that  these  specimens  belonged  properly  to  the 
stone  buildings  in  which  they  were  found  was  furnished  by  the  excavation 
of  a  hut-platform  inside  the  entrance  of  the  citadel,  which  was  one  of  a 
series  occupying  the  whole  interior  of  the  building  and  inseparably  united 
with  the  stone  walls  of  the  front.  Underneath  the  unbroken  cement 
floor  of  this  hut  were  found  a  sheaf  of  iron  weapons  with  copper  bangles,  a 
spiodlewhorl,  fragments  of  glass  and  tin,  ivory  and  glaze  b<^ads,  and  two 
large  fragments  of  blue  and  white  Nankin  china  with  a  flower  pattern. 
This  kind  of  Nankin  china  is  known  to  be  not  earlier  than  the  sixteenth 
century,  and  is  therefore  conclusive  evidence  for  the  dating  of  Dhlo  Dhlo 
as  actually  post -mediaeval. 

The  objects  found  at  Dhlo  Dhlo  then  fall  into  two  main  classes,  viz., 
(1)  implements,  weapons,  and  ornaments  of  definitely  African  character, 
closely  resembling  what  Kaffirs  make  at  the  present  day  j  (2)  mediseval 
imports  traded  by  the  Portuguese,  chiefly  from  the  Orient. 

And  there  is  probably  a  third  class,  viz.,  metal  work  made  by  the  natives 
in  direct  imitation  of  European  processes. 

Everything  that  was  observed  at  Nanatali,  Khami,  and  Zimbabwe  is  in 
consouance  with  what  had  been  discovered  at  Dhlo  Dhlo.  Each  of  these 
sites  yielded  the  same  mixture  of  definitely  native  objects  with  well  known 
and  unmistakable  mediaeval  imports.  There  was  not  a  single  specimen 
which  could  be  described  as  *  ancient '  in  the  archaeologist's  acceptation  of 
the  word  The  earliest  possible  dating  for  any  object  found  at  Zimbabwe 
is  the  fourteenth  century  a.d.,  and  even  that  (Arabic  glass)  may  quite 
possibly  belong  to  the  fifteenth  century.  The  assertion  that  there  is  any 
superposition  of  periods  at  Zimbabwe  is  erroneous,  a  blunder  on  the  part 
of  an  inexperienced  excavator.  There  ho^  not  even  been  any  rebuilding 
or  restoration  of  walls  ;  the  whole  place  is  of  a  single  epoch,  and  the  date 
of  that  can  be  very  closely  fixed. 

Zimbabwe  is  a  royal  kraal  which  diflers  from  other  buildings  in 
Rhodesia  in  no  respect  save  for  the  greater  massiveness  of  its  walls  and  its 
more  elaborate  character.  No  single  stone  can  have  been  placed  there 
earlier  than  the  fourteenth  or  fifteenth  century  a.d.  Merely  as  an 
inhabited  site  the  place  may  have  been  occupied  a  few  generations  longer, 
but  not  more.  Such  a  hypothetical  settlement  would  be  prior  to  any  of 
the  buildings  now  standing  at  Zimbabwe,  and  would  be  contemporary 
with  the  northern  sites,  viz.,  Inyanga  and  the  Niekerk  Ruins,  which  the 
lecturer  would  ascribe  to  a  century  or  two  before  1500  a.d. 

From  the  character  of  the  objects  discovered,  and  from  all  the  details 
of  construction  in  the  buildings  and  the  dwellings  they  contained,  thcr^ 
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could  be  no  doabt  that  the  Rhodesian  rvtms  were  the  work  of  li  natitre 
race  closely  akin  to  those  at  present  inhabiting  the  country.  To  identify 
this  race  would  be  a  task  well  deserving  of  the  efforts  of  investigators.  So 
far  from  considering  that  his  new  conception  of  the  origin  and  date  of 
these  ruins  destroyed  a  romance,  the  lecturer  maintained  that  they  were 
far  more  interesting  now  that  they  proved  to  be,  not  a  parasitic  growth 
from  Arabia,  but  products  of  South  Africa  itself.  Their  history  is  the  pafeit 
history  of  Rhodesia. 
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Sectioh  a.— mathematical  AND  PHYSICAL  SCIENCE. 

Pbbsidbnt  of  the  Sbctiow. — Professor  A.  B.  Fobstth, 
M.A.,  D.So.,  F.R.S. 


CAPE  TOWN. 

WEDNESDA Y,  AVe U8T  16. 

The  President  delivered  the  following  AddtesB : — 

According  to  an  established  and  unchallenged  custom,  our  proceedings  are 
inaugurated  by  an  address  from  the  President.  Let  me  begin  it  by  discharging 
a  duty  which,  unhappily,  is  of  regular  recurrence.  If  your  President  only  men- 
tions names  when  ne  records  the  personal  losses  suffered  during  the  year  by  the 
sciences  of  the  Section,  the  corporate  sense  of  the  Section  will  be  able  to  appre- 
ciate the  losses  with  a  deeper  reality  than  can  be  conveyed  by  mere  words. 

In  Mr.  Ronald  Hudson,  who  was  one  of  our  Secretaries  at  the  Cambridge 
Meeting  a  year  ago,  we  have  lost  a  mathematioian  whose  youthful  promise  had 
rtpened  into  early  performance.  The  original  work  which  he  had  accomplished  is 
sufficient,  both  in  quality  and  in  amount,  to  show  that  much  has  been  given,  and 
that  much  more  could  have  been  expected.  His  alert  and  bright  persoaality 
suggested  that  many  happy  years  lay  before  him.  All  these  fair  hopes  were 
shattered  in  a  moment  by  an  accident  upon  a  Welsh  hillside ;  and  his  friends, 
who  were  many,  deplore  his  too  early  death  at  the  age  of  twenty-eight. 

The  death  of  Mr.  Frank  McClean  has  robbed  astronomy  of  one  of  ite  most 
patient  workers  and  activel;f  creative  investigators.  I  wish  that  my  own  know- 
ledge could  enable  me  to  give  some  not  inadequate  exposition  of  his  services  to 
the  science  which  he  loved  so  well.  He  was  a  man  of  great  generosity  which  was 
wise,  discriminating,  and  more  than  modest ;  to  wide  interests  in  science  he 
united  wide  interests  in  the  fine  arts.  Your  Astronomer  Hoyal,  m  the  Royal 
ObservatorjT  at  Cape  Town,  will  not  lightly  forget  his  gift  of  a  great  telescope: 
and  the  University  of  Cambridge,  the  grateful  recipient  of  his  munificent  endow- 
ment of  the  Isaac  Newton  Studentships  fifteen  years  ago,  and  of  his  no  less 
munificent  bequest  of  manuscripts,  early  printed  books,  and  objects  of  art,  has  done 
what  she  can  towards  perpetuating  his  memory  for  future  generations  by  including 
his  name  in  the  list,  that  is  annually  recited  in  solemn  service,  of  her  benefactors 
who  have  departed  this  life. 

In  the  early  days  of  our  gatherings,  when  the  set  of  cognate  sciences  with 
which  we  specially  are  concerned  hii^  not  yet  diverged  so  widely  from  ona 
another  alike  in  subject  and  in  method,  this  inaugurating  address  was  characterised 
by  a  brevity  that  a  President  can  envy  and  \jy  a  freedom  from  formality  that  even 
the  least  tolerant  audience  could  find  admirable.  The  lanse  of  time,  perhaps 
assisted  by  presidential  ambitions  which  have  been  veiled  under  an  almost  periodic 
tpoldgy  for  personal  shortcomings,  has  deprived  these  addresses  of  their  ancient 
Hreytty,  md  liM  mteat^  them  with  an  air  of  oratmlttr  grayity.    The  topics 
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-vary  from  year  to  year,  but  this  variation  is  due  to  the  predilection  of  the  indi* 
vidual  Presidents;  the  types  of  address  are  but  few  in  number.  Sometimes, 
indeed,  we  have  had  addresses  that  cannot  be  ranged  under  any  comprehensive 
type.  Thus  one  year  we  had  an  account  of  a  particular  school  of  long-eustjuned 
consecutive  research ;  another  year  the  President  made  a  constructive  (and  perhaps 
defiant]  defence  of  the  merits  of  a  groun  of  subjects  that  were  of  special  interest  to 
himseli.  But  there  is  one  type  of  adoress  which  recurs  with  iterated  frequency ; 
it  is  constituted  by  a  general  account  of  recent  progress  in  discovery,  or  by  a 
survey  of  modern  advances  in  some  one  or  other  of  the  branches  of  science  to 
which  the  multiple  activities  of  our  Section  are  devoted.  No  modern  President 
has  attempted  a  general  survey  of  recent  progress  in  all  the  branches  of  our  group 
of  sciences ;  such  an  attempt  will  probably  l^  deferred  until  the  Council  discovers 
a  President  who,  endowed  with  the  omniscience  of  a  Whewell,  and  graced  with 
the  tongue  of  men  and  of  angels,  shall  once  again  unify  our  discussions. 

On  the  basis  of  this  practice,  it  would  have  been  not  unreasonable  on  my  part 
to  have  selected  some  topic  from  the  vast  range  of  pure  mathematics,  and  to  have 
expounded  some  body  of  recent  investigations.  There  certainly  is  no  lack  of 
topics ;  our  own  day  is  peculiarly  active  in  many  directions.  Thus,  even  if  we 
leave  on  one  side  the  general  progress  that  has  been  made  in  many  of  the  large 
branches  of  mathematics  during  recent  years,  it  is  easy  to  hint  at  numerous  sub- 
jects which  could  occupy  the  address  oi  a  mathematical  President.  He  might, 
for  instance,  devote  his  attention  to  modem  views  of  continuity,  whether  of 
quantity  or  of  space ;  he  might  be  heterodox  or  orthodox  ta  to  the  so-calied 
laws  of  motion;  he  might  expound  his  notions  as  to  the  nature  and  properties  of 
analytic  functionality ;  a  discussion  of  the  hypotheses  upon  which  a  consistent 
system  of  geometry  can  be  framed  could  be  made  as  monumental  as  his  ambition 
might  choose ;  he  could  revel  in  an  account  of  the  most  recent  philosophical 
analysis  of  the  foundations  of  mathematics,  even  of  logic  itself,  in  which  all 
axioms  must  either  be  proved  or  be  compounded  of  notions  that  defy  resolution 
by  the  human  intellect  at  the  present  day.  Such  discussions  are  bound  to  be 
excessively  technical  unless  they  are  expressed  in  unmathematical  phraseology ; 
when  they  are  so  expressed,  and  in  so  lar  as  such  expression  is  possible,  they 
become  very  long  and  they  can  be  very  thin.  Moreover,  had  I  chosen  any  topic  of 
this  character,  it  would  have  been  the  merest  natural  justice  to  have  given  early 
utterance  of  the  sibyllic  warning  to  the  uninitiated ;  t  must  also  have  bidden  the 
initiated  that,  as  they  come,  they  should  summon  all  the  courage  of  their  souls. 
So  I  abstain  from  maKing  such  an  experiment  upon  an  unwam^  audience ;  yet 
it. is  with  reluctance  that  I  have  avoided  subjects  in  the  range  which  to  me  is  of 
peculiar  interest. 

On  the  other  hand,  I  must  ask  your  indulgence  for  not  conforming  to  average 
practice  and  expectation.  My  desire  is  to  mark  the  present  occasion  by  an  address 
of  unspecialised  type  which,  while  it  is  bound  to  be  mainly  mathematical  in 
tenor,  and  while  it  will  contain  no  new  information,  may  do  little  more  than 
recall  some  facts  tliat  are  known,  and  will  comment  briefly  upon  obvious 
tendencies.  Let  me  beg  you  to  believe  that  it  is  no  straining  after  novelty  which 
has  dictated  my  choice;  such  an  ambition  has  a  hateful  facility  of  bein^  fatal 
both  to  the  performer  and  to  the  purpose.  It  is  the  strangeness  of  our  circum- 
stances, both  in  place  and  time,  that  has  suggested  my  subject.  With  an  adven^ 
turous  audacity  that  quite  overshadows  the  spirit  of  any  of  its  past  enterprises,  the 
British  Association  for  the  Advancement  of  Science  has  travelled  south  of  the 
Eauator  and,  in  accepting  your  hospitality,  proposes  to  traverse  much  of  South 
Airica.  The  prophet  of  old  declared  .that  *  many  shall  run  to  and  fro,  and  know- 
ledge shall  be  increased  * ;  if  the  second  part  of  the  prophecy  is  not  fulfilled,  it  will 
not  be  for  the  want  of  our  efforts  to  fulnl  the  first  part.  And  if  the  place  and  the 
range  of  this  peripatetic  demonstration  of  our  annual  corporate  activity  are 
unusual,  the  occasion  chosen  for  this  enterprise  recalls  memories  that  are  funda- 
mental in  relation  to  our  subject.  It  is  a  modem  fashion  to  observe  centenaries. 
In  this  Section  we  are  in  the  unusual  position  of  being  able  to  observe  three 
scientific  centenaries  in  one  and  the  same  year.    Accordingly  I  propose  to  refer  to 
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these  ill  turh,  and  to  indicate  a  few  of  the  events  filling  the  intervals  between 
them ;  but  my  outline  can  be  of  only  the  most  summary  diaracter,  for  the  scientific 
historv  is  a  history  of  three  hundred  years,  and,  if  searching  enough,  it  could 
include  the  tale  of  nearly  all  mathematical  and  astronomical  and  physical  science; 

It  is  exactly  three  hundred  years  since  Bacon  published  'The  Advancement 
of  Leaminj]^.'  His  discourse,  alike  in  matter,  in  thought,  in  outlook,  was  in 
advance  of  its  time,  and  it  exercised  no  great  influence  for  the  years  that  immedi- 
ately followed  its  appearance ;  yet  that  appearance  is  one  of  the  chief  events  in 
the  origins  of  modem  natural  science.  TaKing  all  knowledge  to  be  his  province, 
he  surveys  the  whole  of  learning :  ho  deals  with  the  discredits  that  then  could 
attach  to  it ;  he  expounds  both  the  dignity  and  the  influence  of  its  pursuit ;  and 
he  analyses  all  learning,  whether  of  things  divine  or  of  things  human,  into  its 
ordered  branches.  He  points  out  deficiencies  and  gaps ;  not  a  few  of  his  recom^ 
mendations  of  studies,  at  his  day  remaining  untouched,  have  since  become  great 
branches  of  human  thought  and  human  inquiry.  But  what  concerns  us  most 
here  is  his  attitude  towards  natural  philosophy,  all  the  more  remarkable  because 
of  the  state  of  knowledge  of  that  subject  in  nis  day,  particularly  in  England.  It 
is  true  that  Gilbert  had  published  his  discovery  of  terrestrial  magnetism  some 
five  years  earlier,  a  discovery  followed  only  too  soon  by  his  death  ;  but  that  was 
the  single  considerable  English  achievement  in  modern  science  down  to  Bacon^s 
day. 

In  order  to  estimate  the  significance  of  Bacon*8  range  of  thought  let  me  recite 
a  few  facts,  as  an  indication  of  the  extreme  tenuity  of  progressive  science  in 
that  year  (1605).  They  belong  to  subsequent  years,  and  may  serve  to  show  how 
restricted  were  the  attainments  of  the  period,  and  how  limited  were  the  means 
of  advance.  The  telescope  and  the  microscope  had  not  yet  been  invented.  The 
simple  laws  of  planetar^r  motion  were  not  formulated,  for  Kepler  had  them  only 
in  tne  making.  Logarithms  were  yet  to  be  discovered  by  Napier,  and  to  be 
calculated  by  Briggs.  Descartes  was  a  boy  of  nine  and  Fcrmat  a  boy  of  only 
four,  so  that  analytical  geometry,  the  middle-life  discovery  of  both  of  them,  was 
not  yet  even  a  dream  for  either  of  them.  The  Italian  mathematicians,  of  whom 
Cavalieri  is  the  least  forgotten,  were  developing  Greek  methods  of  quadrature  by 
a  transformed  principle  of  indivisibles ;  but  the  infinitesimal  calculus  was  not 
really  in  sight,  for  Newton  and  Leibnitz  were  yet  unborn.  Years  were  to  elapse 
before,  by  the  ecclesiastical  tyranny  over  thought,  Galileo  was  forced  to  make  a 
verbal  disavowal  of  his  adhesion  to  the  Copemican  system  of  astronomy,  of  which 
he  was  still  to  be  the  protagonist  in  propounding  any  reasoned  proof.  Some 
mathematics  could  be  had,  cumbrous  arithmetic  and  algebra,  some  geometry 
lumbering  after  Euclid,  and  a  little  trigonometry ;  but  these  were  mainly  the 
mathematics  of  the  Renaissance,  no  very  great  advance  upon  the  translated  work 
of  the  Greeks  and  the  transmitted  work  of  the  Arabs.  Even  our  old  friend  the 
binomial  theorem,  which  now  is  supposed  to  be  the  possession  of  nearly  every 
able  schoolboy,  remained  unknown  to  professional  mathematicians  for  more  than 
half  a  century  yet  to  come. 

Nor  is  it  merely  on  the  negative  side  that  the  times  seemed  unpropitious  for 
a  new  departure;  the  spirit  of  the  age  in  the  positive  activities  of  thought  and 
deed  was  not  more  sympathetic.  Those  were  the  days  when  the  applications  of 
astronomy  had  become  astrology.  Men  sought  for  the  elixir  of  life  and  pondered 
over  the  transmutation  of  baser  metals  into  gold.  Shakespeare  not  long  before 
had  produced  his  play  '  As  You  Like  It/  where  the  strange  natural  history  of  the 
toad  which, 

•  Ugly  and  venomous, 
Bears  yet  a  precious  jewel  in  his  bead,' 

is  made  a  metaphor  to  illustrate  the  sweetening  uses  of  adversity.  The  stiflened 
Elizabethan  laws  against  witchcraft  were  to  Ibe  sternly  administered  for  many 
a  year  to  come.  It  was  an  age  that  was  pulsating  with  life  and  illuminated  by 
fancy,  but  the  life  was  the  life  of  strong  action  and  the  fancy  was  the  fancy  of 
ideal  imagination  j  men  did  not  lend  themselves  to  sustained  and  abstract  thought 
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eoncerninff  the  nature  of  the  universe.  When  we  contemplate  the  spirit  that  such 
ft  stat«  of  Knowledge  might  foster  towards  scientific  learning,  and  when  we  recall 
the  world  into  which  Bacon *s  treatise  was  launched,  we  can  well  be  au^rprised  at 
liis  far-reaching  views,  and  we  can  marvel  at  his  isolated  wisdom. 

Let  me  select  a  few  specimens  of  his  judgments,  chosen  solely  in  relation  to 
our  own  subjects.     When  he  says : 

'  All  true  and  fruitful  natural  philosophy  hath  a  double  scale  or  ladder, 
ascendent  and  descendent,  ascending  from  experiments  to  the  invention  of 
causes,  and  descending  fropi  causes  to  the  invention  of  new  experiments ; 
therefore  I  judge  it  most  requisite  that  these  two  parts  be  severally  con- 
sidered and  handled ' — 

he  is  merely  expounding,  in  what  now  is  rather  archaic  phrase,  the  prindplea  of 
the  most  ambitious  investigations  in  the  natural  philosophy  of  subsequent  ceo* 
turies.    When  he  speaks  of 

*  the  operation  of  the  relative  and  adventive  characters  of  essences,  aa 
quantity,  similitude,  diversity,  possibility,  and  the  rest ;  with  this  distinction 
and  provision,  that  they  be  handled  as  they  have  efficacy  in  nature,  and  not 
logically ' — 

I  seem  to  hear  the  voice  of  the  applied  mathematician  warning  the  pure  mathe- 
matician oft'  the  field.  When,  after  having  divided  natural  philosophy  into 
physic  and  mctaphysic  (using  these  words  in  particular  meanings,  and  including 
mathematics  in  the  second  of  the  divisions),  he  declares 

'  physic  should  contemplate  that  which  is  inherent  in  matter,  and  therefore 
transitory,  and  metaphysic  that  which  is  abstracted  and  fixed ;  .  .  .  physic 
describeth  the  causes  of  things,  but  the  variable  or  respective  causes ;  and 
metaphysic  the  fixed  and  constant  causes ' — 

there  comes  before  my  mind  the  army  of  physicists  of  the  present  day,  who 
devote  themselves  unwearyingly  to  the  properties  of  matter  and  willingly  cast 
aside  elaborate  arguments  and  calculations.    When  he  argues  that 

*  many  parts  of  nature  can  neither  be  invented  with  sufficient  subtilty,  nor 
demonstrated  with  sufficient  perspicuity,  nor  accommodated  unto  use  with 
sufficient  dexterity,  without  the  aid  and  intervening  of  the  mathematics ' — 

he  might  be  describing  the  activity  of  subsequent  generations  of  philosophers, 
astronomers,  and  engineers.  And  in  the  last  place  (for  my  extracts  must  have 
some  end),  when  he  expresses  the  opinion 

*  that  men  do  not  sufficiently  understand  the  excellent  use  of  the  pure  mathe- 
matics, in  that  they  do  remedy  and  cure  many  defects  in  the  wit  and  faculties 
intellectual.  For  if  the  wit  be  too  dull,  they  sharpen  it;  if  too  wandering, 
they  fix  it ;  if  too  inherent  in  the  sense,  they  abstract  it ;  ...  in  the  mathe- 
matics^, that  which  is  collateral  and  intervenient  is  no  less  worthy  than  that 
which  is  principal  and  intended ' — 

I  seem  to  hear  an  advocate  for  the  inclusion  of  elementary  mathematics  in  any 
scheme  of  general  education.  At  the  same  time,  I  wonder  what  Bacon,  who  held 
such  an  exalted  estimate  of  pure  mathematics  in  its  grey  dawn,  would  have  said  by 
way  of  ampler  praise  of  the  subject  in  its  fuller  day. 

It  was  a  splendid  vision  of  inductive  science  as  of  other  parts  of  learning :  it 
contained  a  revelation  of  the  course  of  progress  through  the  centuries  to  come. 
Yet  the  facts  of  to-day  are  vaster  than  the  vision  of  that  long-ago  yesterday,  and 
liuman  activity  has  far  outstripped  the  dreams  of  Bacon's  opudent  imagination. 
He  was  the  harbinger  (premature  in  many  respects  it  must  be  confessed,  but  still 
the  harbinger)  of  a  new  era.  At  a  time  when  we  are  making  a  new  departure  in 
the  fulfilment  of  the  purpose  of  our  charter,  which  requires  us  '  to  promote  the 
intercourse  of  those  who  cultivate  Science  in  dillerent  parts  of  the  British  Empire, 
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'Our  Association  for  the  Advancement  of  Science  may  pause  (or  a  moment  to  gaze 
upon  the  vision  revealed  three  centuries  ago  in  the '  Advancement  of  Learning '  by 
a  philosopher  whose  influence  upon  the  thought  of  the  world  is  one  of  the  glories 
oi  our  nation. 

I  have  implied  that  Bacon's  discourse  was  in  advance  of  its  age^  so  far  as  Eng- 
land was  concerned.  Individuals  could  make  their  mark  in  isolated  fashion.  Thus 
Harvey,  in  his  hospital  work  in  London,  discovered  the  circulation  of  the  blooq ; 
Napier,  away  on  his  Scottish  estates,  invented  logarithms ;  and  Horrocks,  in  the 
seclusion  of  a  Lancashire  curacy,  was  the  first  to  observe  a  transit  of  N'enus. 
But  for  more  than  half  a  century  the  growth  of  physical  science  was  mainly  due  to 
workers  on  the  continent  of  Europe.  Galileo  was  making  discoveries  in  the 
mechanics  of  solids  and  fluids,  and,  specially,  he  was  building  on  a  Arm  founda- 
tion the  fabric  of  the  system  of  astronomy,  hazarded  nearly  a  century  before  hj 
Copernicus ;  he  still  was  to  furnish,  by  bitter  experience,  one  of  the  most  striking 
examples  in  the  history  of  the  world  that  truth  is  stronger  than  dogma.  Kepler 
was  graduallv  elucidating  the  laws  of  planetary  motion,  of  which  such  signiiicaut 
use  was  made  later  by  Newton ;  and  Descartes,  by  his  creation  of  analytical 
geometry,  was  yet  to  eflect  such  a  constructive  revolution  in  mathematics  that 
he  might  not  unfairly  be  called  the  founder  of  modern  mathematics.  In  England 
the  times  were  out  of  scientific  joint:  the  political  distractions  of  the  Stuart 
troubles,  and  the  narrow  theological  bitterness  of  the  Ck)ramonwealth,  made  a 
poor  atmosphere  for  the  progress  of  scientific  learning,  which  was  confined  almost 
to  a  faithful  few.  The  fidelity  of  those  few,  however,  had  its  reward ;  it  was 
owing  to  their  steady  confidence  and  to  their  initiative  that  the  Royal  Society  of 
London  was  founded  in  1662  by  Charles  II.  At  that  epoch,  science  (to  quote 
the  words  of  a  picturesque  historian)  became  the  fashion  of  the  day.  Great 
Britain  began  to  contribute  at  least  her  fitting  share  to  the  growing  knowledge  of 
Nature ;  and  her  scientific  activity  in  the  closing  part  of  the  seventeenth  century 
.  was  a  realisation,  wonderful  and  practical,  of  a  part  of  Bacon's  dream.  Undoubtedly 
the  most  striking  contribution  made  in  that  period  is  Newton's  theory  of  gravitatiop, 
as  ^cpounded  in  his  'Principia/  published  in  1687. 

I^at  century  also  saw  the  discovery  of  the  fluxional  calculus  by  Newton,  and 
of  the  differential  calculus  by  Leibnitz.  These  discoveries  provided  the  material 
for  one  of  the  longest  and  most  deadening  controversies  as  to  priority  in  all  the 
long  history  of  those  tediously  barren  occupations;  unfortunately  they  are  dear 
to  minds  which  cannot  understand  that  a  discovery  should  be  used,  developed, 
amplified,  but  should  not  be  a  cause  of  envy,  Quarrel,  or  controversy.  Let  me 
say,  incidentally,  that  the  controversy  had  a  malign  influence  upon  the  study  ot 
mathematics  as  pursued  in  England. 

Also,  the  undulatory  theory  of  light  found  its  first  systematic,  if  incomplete, 
exposition  in  the  work  of  Huygens  before  the  century  was  out.  But  Newton  had 
an  emission  theory  of  his  own,  and  so  the  undulatory  theory  of  Huygens  found 
no  favour  in  England  until  rather  more  than  a  hundred  years  later;  the  researches 
of  Thomas  Young  established  it  on  a  firm  foundation. 

Having  thus  noted  some  part  of  the  stir  in  scientific  life  which  marked 
the  late  years  of  the  seventeenth  century,  let  me  pass  to  the  second  of  our 
centenaries :  it  belongs  to  the  name  of  Edmund  Halley.  Quite  independently 
of  his  achievement  connected  with  the  year  1705  to  which  I  am  about  to  refer, 
there  are  special  reasons  for  honouring  Halley's  name  in  this  section  at  our 
meeting  in  South  Africa.  When  a  young  man  of  twenty-one  he  left  England  for 
St.  Helena,  and  there,  in  the  years  1676-1678,  he  laid  the  foundations  of  stellar 
astronomy  for  the  Southern  Hemisphere ;  moreover,  in  the  course  of  his  work  he 
there  succeeded  in  securing  the  first  complete  observation  of  a  transit  of  Mercury. 
After  his  return  to  England,  the  next  few  years  of  his  life  were  spent  in 
laying  science  under  a  special  debt  that  can  hardly  be  over-appreciated.  He 
placed  himself  in  personal  relation  with  Newton,  propounded  to  him  questions 
and  offered  information ;  and  it  is  now  a  commonplace  statement  that  Halley's 

Questions  and  suggestions  caused  Newton  to  write  the  *  Principia.*    More  than 
liis,  we  knoiy  that  Newton's  great  treatise  saw  the  light  only  through  Halley  s 
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persuasive  insistence,  through  his  unwearying  diligence  in  saving  Newton  all 
cares  and  trouble  and  even  pecuniary  expense,  and  through  his  absolutely  self- 
sacrificing  devotion  to  what  he  made  an  unwavering  duty  at  that  epoch  in  his 
life.  Again,  he  appears  to  have  been  the  first  organiser  of  a  scientific  expedition, 
as  distinct  from  a  journey  of  discovery,  towards  the  Southern  Seas:  he  sailed 
as  far  as  the  fifty-second  dejpree  of  southern  latitude,  devised  the  principle  of  the 
sextant  in  the  course  of  his  voyaging,  and,  as  a  result  of  the  voyage,  he  pro- 
duced a  General  Chart  of  the  Atlantic  Ocean,  with  special  reference  to  the 
deviation  of  the  compass.  Original,  touched  with  genius,  cheery  of  soul, 
strenuous  in  thought  and  generous  by  nature,  he  spent  his  life  in  a  continuously 
productive  devotion  to  astronomical  science,  from  boyhood  to  a  span  of  years 
far  beyond  that  which  satisfied  the  Psalmist's  broodings.  I  have  selected  a 
characteristic  incident  in  his  scientiHc  activity,  one  of  the  most  brilliant  (thbugli 
it  cannot  be  claimed  as  the  most  important)  of  his  astronomical  achievements; 
it  strikes  me  as  one  of  the  roost  cnivalrously  bold  acts  of  convinced  science 
within  my  knowledge.     It  is  only  the  story  of  a  comet. 

I  have  just  explained,  very  briefly,  HalleyV.  share  in  the  production  of 
Newton's  'Principia*;  his  close  concern  with  it  made  him  the  Mahomet  of  the 
new  dispensation  of  the  astronomical  universe,  and  ho  was  prepared  to  view  all 
its  phenomena  in  the  light,  of  that  dispensation.  A  comet  had  appeared  in 
168^ — it  was  still  the  nge  when  scientific  men  could  think  that,  by  a  collision 
between  the  earth  and  a  comet,  'this  most  beautiful  order  of  things  would 
be  entirely  destroyed  and  reduced  to  its  ancient  chaos';  but  this  fear  was  taken 
as  a  *  by-the-bye,'  which  happily  interfered  with  neither  observations  nor  calcu- 
lations. Observations  bad  duly  been  made.  The  data  were  used  to  obtain  tlie 
elements  of  the  orbit,  employing  Newton's  theory  as  a  working  hypothesis  ;  and 
he  expresses  an  incidental  regret  as  to  the  intrinsic  errors  of  assumed  numerical 
elements  and  of  recorded  observations.  It  then  occurred  to  Halley  to  calculate 
similarly  the  element-s  of  the  comet  which  Kepler  and  others  had  seen  in  1607, 
and  of  which  records  had  been  made ;  the  Newtonian  theory  gave  elements  in 
close  accord  with  those  belonging  to  the  comet  calculated  from  the  latest  observa- 
tions, though  a  new  regret  is  expressed  that  the  1607  observations  had  not  been 
made  with  more  accuracy.  On  these  results  he  committed  himself  (being  then 
a  man  of  forty-nine  years  of  age)  to  a  prophecy  (which  could  not  be  checked 
for  fifty-three  years  to  come)  that  the  comet  would  return  about  the  end  of 
the  year  1758  or  the  beginning  of  the  next  succeeding  year;  he  was  willing 
to  leave  his  conclusion  *  to  be  discussed  by  the  care  of  posterity,  after  the  truth 
is  found  out  by  the  event.'  But  not  completely  content  with  this  stage  of  his 
work,  he  obtained  with  diflSculty  a  book  bv  Apian,  giving  an  account  of  a  comet 
seen  in  1531  and  recording  a  number  of  observations.  Ifalley,  constant  to  his 
faith  in  the  Newtonian  hypothesis,  used  that  hypothesis  to  calculate  the  elements 
of  the  orbit  of  the  Apian  comet ;  once  more  rejjretting  the  uncertainty  of  the 
data  and  discounting  a  very  grievous  error  committed  by  Apian  himself,  Ilalley 
concluded  that  the  Apian  comet  of  1531,  and  the  Kepler  comet  of  1607,  and  tho 
observed  comet  of  1682  were  one  and  the  same.  He  confirmed  his  prediction 
as  to  the  date  of  its  return,  and  he  concludes  his  argument  with  a  blend  of 
confidence  and  patriotism : — 

*  Wherefore  if  according  to  what  we  have  already  said  it  should  return 
again  about  the  year  1768,  candid  posterity  will  not  refuse  to  acknowledge 
that  this  was  first  discovered  by  an  EvglUhiwin, 

Such  was  Hnlley's  prediction  published  in  the  year  1705.  The  comet  pursued  its 
course,  and  it  was  next  seen  on  Christmas  Day  1758.  Candid  iK)8terity,  so  far 
from  refusing  to  acknowledge  that  the  discovery  was  made  by  an  Englishman, 
has  linked  Ilalley's  name  with  the  comet,  possibly  for  all  time. 

We  all  now  could  make  announcements  on  the  subject  of  Halley's  comet ; 
their  fulfilment  could  be  awaited  serenely.  No  vision  or  inspiration  is  needed — 
calculations  and  corrections  will  suffice.  The  comet  was  seen  in  1835,  and 
1^  is  expected  again  in  1910.    No  doubt  our  astronomers  will  be  ready  for  it : 
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and  the  added  knowledge  of  electrical  science,  in  connection  particularly  with 
the  properties  of  matter,  may  enable  them  to  review  Bessers  often-discussed 
conjecture  as  to  an  explanation  of  the  emission  of  a  sunward  tail.  But  Halley's 
announcement  was  made  during  what  may  be  called  the  immaturity  of  the 
gravitation  theory ;  the  realisation  of  the  prediction  did  much  to  strengthen  the 
belief  in  the  theory  and  to  spread  its  general  acceptance  ;  the  crown  of  conviction 
was  attained  with  the  work  of  Adams  and  Levemer  in  the  discovery,  propounded 
by  theory  and  verified  by  observation,  of  the  planet  Neptune.  I  do  not  know  an 
apter  illustration  of  Bacon's  dictum  that  has  already  been  quoted,  *  All  true  and 
fruitful  natural  philosophy  hath  a  double  scale,  ascending  from  experiments 
to  the  invention  of  causes,  and  descending  from  causes  to  the  invention  of  new 
experiments.'  The  double  process,  when  it  can  be  carried  out,  is  one  of  the  most 
effective  agents  for  the  increase  of  trustworthy  knowledge.  But  imtil  the  event 
justified  Halley's  prediction,  the  Cartesian  vortex-theory  of  the  universe  was  not 
completely  replaced  by  the  Newtonian  theory ;  the  Cartesian  votaries  were  not 
at  once  prepared  to  obey  Halley's  jubilant,  if  stem,  injunction  to  'leave  off 
trilling  .  .  .  with  their  vortices  and  their  absolute  plenum  .  .  .  and  give  them- 
selves up  to  the  study  of  truth.' 

The  century  that  followed  the  publication  of  Halley's  prediction  shows  a 
world  that  is  steadily  engaged  in  the  development  of  the  inductive  sciences  and 
their  applications.  Observational  astronomy  continued  its  activity  quit«  steadily, 
reinforced  towards  the  end  of  the  century  by  the  first  of  the  Ilerschels.  The 
science  of  mathematical  (or  theoretical)  astronomy  was  created  in  a  form  that  is 
used  to  this  day;  but  before  this  creation  could  be  effected,  there  had  to  be  a 
development  of  mathematics  suitable  for  the  purpose.  The  beginnings  were 
made  by  the  BemouUis  (a  familjr  that  must  be  of  supreme  interest  to  Dr. 
Francis  Gal  ton  in  his  latest  statistical  compilations,  for  it  contained  no  fewer 
than  seven  mathematicians  of  mark,  distributed  over  three  generations^,  but  the 
main  achievements  are  due  to  Euler,  Lagrange,  and  Laplace.  In  particular,  the 
infinitesimal  calculus  in  its  various  branches  (including,  that  is  to  say,  what  we 
call  the  differential  calculus,  the  intes^ral  calculus,  and  differential  equations) 
received  the  development  that  now  is  iamiliar  to  all  who  have  occasion  to  work 
in  the  subject.  When  this  calculus  was  developed,  it  was  applied  to  a  variety  of 
subjects ;  the  applications,  indeed,  not  merelv  influenced,  but  immediately  directed, 
the  development  of  the  mathematics.  To  this  period  is  due  the  construction  of 
analytical  mechanics  at  the  hands  of  Euler,  d*Alembert,  Lagrange,  and  Poisson ; 
but  the  most  significant  achievement  in  this  range  of  thought  is  the  mathematical 
development  of  the  Newtonian  theory  of  gravitation  applied  to  the  whole 
imiverse.  It  was  made,  in  the  main,  by  Lagranj^e,  as  regards  the  wider  theory, 
and  by  Laplace,  as  regards  the  amplitude  of  detailed  application.  But  it  was  a 
century  thot  also  saw  the  obliteration  of  the  ancient  doctrines  of  caloric  and 
phlogiston,  through  the  discoveries  of  Rumford  and  Davy  of  the  nature  and  rela- 
tions of  heat.  The  modem  science  of  vibrations  had  its  beginnings  in  the 
experiments  of  Chladni,  ond,  as  has  already  been  stated,  the  undulatory  theory  of 
light  was  rehabilitated  by  the  researches  of  Thomas  Young.  Strange  views  as  to 
the  physical  constitution  of  the  universe  then  were  sent  to  the  limbo  of  for- 
^tten  ignorance  by  the  early  discoveries  of  modem  chemistrj' ;  and  engineer- 
ing assumed  a  systematic  and  scientific  activity,  the  limits  of  which  seem 
bounded  only  by  the  cumulative  ingenuity  of  successive  generations.  But  in  thus 
attempting  to  summarise  the  progress  of  science  in  that  period,  I  appear  to  be 
trespassing  upon  the  domains  of  other  Sections ;  my  steps  had  better  be  retraced 
so  as  to  let  us  return  to  our  own  upper  air.  If  I  mention  one  more  fact  (and  it 
will  be  a  small  one),  it  is  because  of  its  special  connection  with  the  work  of  this 
Section.  As  you  are  aware,  the  elements  of  Euclid  have  long  been  the  standard 
treatise  of  elementary  geometrj'  in  Great  Britain ;  and  the  Greek  methods,  in 
Robert  Simson  s  edition,  have  been  imposed  upon  candidates  in  examination  after 
examination.  But  Euclid  is  on  the  verge  of  being  disestablished :  my  own  Uni- 
versity of  Cambridge,  which  has  had  its  full  share  in  maintaining  the  restriction 
to  Euclid's  methods^  and  which  was  not  uninfluenced  by  the  report  of  a  (Committee 
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of  this  Asdociation  upon  the  subject,  will;  some  six  or  seven  weeks  henoe,  hold 
its  last  examination  m  which  those  methods  are  prescriptively  required.  Thfi 
disestablishment  of  Euclid  from  tyranny  over  the  youthful  stu4ent  ox^  the  conti- 
nent of  Europe  was  effected  before  the  end  of  the  eighteenth  ceDtury. 

But  it  is  time  for  me  to  pass  on  to  the  third  of  the  centenaries  with  which 
the  present  year  can  be  associated.  Not  so  fundamental  for  the  initiation  of 
modern  science  as  was  the  year  in  which  the  '  Advancement  of  Learning '  was 
published,  not  so  romantic  in  the  profpress  of  modem  science  as  was  the  year  ia 
which  Halley  gave  his  prediction  to  the  world,  the  year  1805  (turbulent  as  it  was 
with  the  strife  of  European  politics)  is  marked  liy  the  silent  voices  of  a  couple  of 
scientific  records.  In  that  year  Laplace  published  the  last  projpnessive  instalment 
of  his  great  treatise  on  Celestial  Mechanics,  the  portion  that  still  remained  for  the 
future  oeing  solely  of  an  historical  character ;  tne  great  number  of  astronomical 
phenomena  which  he  had  been  able  to  explain  by  his  mathematical  presentation 
of  the  consequences  of  the  Newtonian  theory  would,  by  themselves,  have  been 
sufficient  to  give  confidence  in  the  validity  of  that  theory.  In  that  year  also 
Monge  published  his  treatise,  classical  and  still  to  be  read  by  all  students  of  the 
subject,  *  The  Application  of  Algebra  to  Geometry ' ;  it  is  the  starting  point  of 
modern  synthetic  geometry,  which  has  marched  in  ample  development  since  his 
day.  These  are  but  landmarks  in  the  historv  of  mathematical  science,  one  of 
them  indicating  the  completed  attainment  of  a  tremeudous  task,  the  other  of 
them  initiating  a  new  departure;  both  of  them  have  their  significance  in  the 
progress  of  their  respective  sciences. 

When  we  contemplate  the  activity  and  the  achievements  of  the  century 
that  has  elapsed  since  the  stages  which  have  just  been  mentioned  were 
attained  in  mathematical  science,  the  amount,  the  variety,  the  progressive 
diligence,  are  litjtle  less  than  bewildering.  It  is  not  merely  the  vast  aevelop- 
ment  of  all  the  sciences  that  calls  for  remark :  no  less  striking  is  their  detailed 
development.  Each  branch  of  science  now  has  an  enormous  array  of  workers,  a 
development  rendered  more  easily  possible  by  the  growing  increase  in  the  number 
of  proh^ssional  posts ;  and  through  the  influence  of  these  workers  and  their  labours 
there  is  an  ever-increasing  body  of  scientific  facts.  Yet  an  aggregate  of  facts  b 
not  an  explanatory  theory  any  more  necessarily  than  a  pile  of  carefully  fashioned 
stones  is  a  cathedral ;  and  the  genius  of  a  Kepler  and  a  Newton  is  jast  as 
absolutely  needed  to  evolve  the  comprehending  theory  as  the  genius  of  great 
architects  was  needed  for  the  Gothic  cathedrals  of  France  and  of  England.  Not 
infrequently  it  is  difficult  to  make  out  what  is  the  main  line  of  progress  in  any 
one  subject^  let  alone  in  a  group  of  subjects ;  and  though  illumination  comes  from 
striking  results  that  appeal,  not  merely  to  the  professional  workers,  but  also  to 
unprofessional  observers,  this  illumination  is  the  exception  rather  than  the  rule. 
We  can  allow,  and  we  should  continue  to  allow,  freedom  of  initiative  in  all 
directions.  That  freedom  sometimes  means  isolation,  and  its  undue  exercise 
can  lead  to  narrowness  of  view.  In  spite  of  the  complex  ramification  of  the 
sciences  which  it  has  fostered,  it  is  a  safer  and  a  wiser  spirit  than  that  of  uncon- 
genial compulsion,  which  can  be  as  dogmatic  in  matters  scientific  as  it  can  be  in 
matters  theological.  Owing  to  the  varieties  of  mind,  whether  in  individuals  or 
in  races,  the  progress  of  thought  and  the  growth  of  knowledge  are  not  ultimately 
governed  by  the  wishes  of  any  individual  or  the  prejudices  of  any  section  of 
individuals.  Here,  a  school  of  growing  thought  may  oe  ignored ;  there,  it  may 
be  denounced  as  of  no  importance;  somewhere  else,  it  may  be  politely  persecuted 
out  of  possible  existence.  But  the  here,  and  the  there,  and  the  somewhere  else 
do  not  make  up  the  universe  of  human  activity ;  and  that  school,  like  Galileo's 
earth  in  defiance  of  all  dogmatic  authority,  still  will  move. 

This  complete  freedom  in  the  development  of  scientific  thought,  when  the 
thought  is  applied  to  natural  phenomena,  is  all  the  more  necessary  because  of  the 
ways  of  Nature.  Physical  nature  cares  nothing  for  theories,  nothing  for  calcula- 
tions, nothing  for  difficulties,  whatever  their  source ;  she  will  only  give  facts  in 
answer  to  our  questions,  without  reasons  and  without  explanations;  we  may 
explain  as  we  please  and  evolve  laws  as  we  like,  without  her  help  or  her  hindrance. 
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If  from  our  explanations  and  our  laws  we  proceed  to  predict  ion,  and  if  the 
eTent  justifies  the  prediction  through  agreement  with  recorded  fact,  well  and 
good :  so  far  we  nave  a  working  hypothesis.  The  significance  of  working 
hypotheses,  in  respect  of  their  validity  and  their  relation  to  causes,  is  a  well- 
known  battle-ground  of  dispute  between  dilferent  schools  of  philosophers ;  it  need 
not  detain  us  here  and  now.  On  the  other  hand,  when  we  proceed  from  our 
explanfitions  and  our  laws  to  a  prediction,  and  the  prediction  in  the  end  does  not 
Bgree  with  the  fact  to  be  recorded,  it  is  the  prediction  that  has  to  ^ive  way.  But 
the  old  facts  remain  and  the  new  fact  is  added  to  them ;  and  so  facts  grow  until 
some  working  law  can  be  extracted  from  them.  This  accumulation  of  facts  is 
only  one  process  in  the  solution  of  the  universe :  when  the  compelling  genius  is  not 
at  hand  to  transform  knowledge  into  wisdom,  useful  work  can  still  be  done  upon 
them  by  the  construction  of  organised  accounts  which  shall  give  a  systematic 
exposition  of  the  results,  and  shall  place  them  as  far  as  may  be  in  relative 
significance. 

Let  me  pass  from  these  generalities,  which  have  been  suggested  to  my  mind  by 
the  consideration  of  some  of  the  scientific  changes  that  have  taken  place  during 
the  last  hundred  years,  and  let  me  refer  briefiy  to  some  of  the  changes  and 
advances  which  appear  to  me  to  be  most  characteristic  of  that  period.  It  is  not 
that  I  am  concerned  with  a  selection  of  the  most  important  researches  of  the 
period.  Estimates  of  relative  importance  are  often  little  more  than  half-concealed 
expressions  of  individual  preferences  or  personal  enthusiasms;  and  though  each 
enthusiastic  worker,  if  quite  frank  in  expressing  his  opinion,  would  declare  his 
own  subject  to  be  of  supreme  importiince,  he  would  agree  to  a  compromise  that 
the  divergence  between  the  difierent  subjects  is  now  so  wide  as  to  have  destroyed 
any  common  measure  of  comparison.  My  concern  is  rather  with  changes,  and 
with  tendencies  where  these  can  be  discerned. 

The  growth  of  astronomy  has  already  occupied  so  large  a  share  of  my  remarks 
that  few  more  words  can  be  spared  here.  Not  less,  but  more,  remarkable  than 
the  preceding  centuries  in  the  actual  exploration  of  the  heavens,  which  has  been 
faciatated  so  much  by  the  improvements  in  instruments  and  is  reinforced  to  such 
effect  by  the  co-operation  of  an  ever-growing  band  of  American  astronomers,  the 
century  has  seen  a  new  astronomy  occupy  regions  undreamt  of  in  the  older  days. 
New  methods  have  supplemented  the  old  ;  spectroscopy  has  developed  a  science  of 
physics  within  astronomy;  and  the  unastronoroical  brain  reels  at  the  contents 
of  the  photographic  chart  of  the  heavens  which  is  now  being  constructed  by 
international  co-operation  and  will,  when  completed,  attempt  to  map  ten  million 
stars  (more  or  less)  for  the  human  eye. 

Nor  has  the  progress  of  physics,  alike  on  the  mathematical  side  and  the  experi- 
mental side,  been  loss  remarlcable  or  more  restricted  than  that  of  astronomy.  The 
elaborate  and  occasionally  fantastic  theories  of  the  eighteenth  century,  in  such  sub- 
jects as  light,  heat,  even  as  to  matter  itself,  were  rejected  in  favour  of  simpler  and 
more  comprehensive  theories.  There  wa^  one  stage  when  it  seemed  as  if  the  mathe- 
matical physicists  were  gradually  overtaking  the  experimental  physicists ;  but  the 
discoveries  in  electricity  begun  by  Faraday  left  tne  mathematicians  far  behind. 
Much  has  been. done  towards  the  old  duty,  ever  insistent,  of  explaining  new 
phenomena ;  and  the  names  of  Maxwell,  Weber,  Neumann,  and  Hertz  need  only  to 
oe  mentioned  in  order  to  suggest  the  progress  that  has  been  made  in  one  subject 
alone.  We  need  not  hesitate  to  let  our  thoughts  couple,  with  the  great 
physicists  of  the  century,  the  leaders  of  that  brilliant  band  of  workers  upon  the 
properties  of  matter  who  carry  ns  on  from  wonder  to  wonder  with  the  passage  of 
each  successive  year. 

Farther,  it  has  been  an  age  when  technical  applications  have  marched  at  a 
marvellous  pace.  So  great  has  baen  their  growth  that  we  are  apt  to  forget  their 
comparative  youth ;  yet  it  was  only  the  middle  of  the  century  which  saw  the 
awaKening  from  what  now  might  be  regarded  as  the  dark  ages.  Nor  is  the  field 
of  possible  application  nearing  exhaustion :  on  the  contrary,  it  seems  to  be  in- 
creasing by  reason  of  new  discoveries  in  pure  science  that  yet  will  find  some 
•beneficent  outcome  in  practice.    Invisible  rays  and  wireless  telegraphy  may  be 
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cited  as  instances  that  are  occupying  present  activities,  not  to  speak  of  radium^ 
the  unfolding  of  whose  future  is  watched  bv  eager  minds. 

One  gap,  indeed,  in  this  subject  strikes  me.  There  are  great  histories  of 
mathematics  and  great  histories  of  astronomy ;  I  can  find  no  history  of  physics 
on  the  grand  scale.  Some  serviceable  manuals  there  are,  as  well  as  monographs 
on  particular  topics ;  what  seems  to  me  to  be  lacking  is  some  comprehensive  and 
comparative  survey  of  the  whole  range.  The  history  of  any  of  the  natural 
sciences,  like  the  history  of  human  activity,  is  not  merely  an  encvclopeedic  record 
of  past  facts ;  it  reveals  both  the  spirit  and  the  wealth  which  the  past  has  be- 
queathed to  the  present,  and  wliich,  in  due  course,  the  present  will  influence  before 
transmission  to  the  future.  Perhaps  all  our  physicists  are  too  busy  to  spare  the 
labour  needed  for  the  production  of  a  comprehensive  history ;  yet  I  cannot  help 
thinking  that  such  a  contribution  to  the  subject  would  be  of  great  value,  not  to 
physicists  alone. 

But,  as  you  hear  me  thus  referring  to  astronomy  and  to  physics,  some  of  you 
may  think  of  the  old  Roman  proverb  which  bade  the  cobbler  not  to  look  above  his 
last ;  so  I  take  the  opportunity  of  referring  very  briefly  to  my  own  subject. 
One  of  the  features  of  the  century  has  been  the  continued  development  of 
mathematics.  Asa  means  of  calculation  the  subject  was  developed  as  widely 
during  the  earlier  portion  of  the  century  as  during  the  preceding  century ;  it 
soon  began  to  show  signs  of  emergence  as  an  independent  science,  and  the  latter 
part  of  the  century  has  witnessed  the  emancipation  of  pure  mathematics.  It 
was  pointed  out,  in  connection  with  the  growth  of  theoretical  astronomy, 
that  mathematics  developed  in  the  direction  of  its  application  to  that  subject. 
"When  the  wonderful  school  of  French  physicists,  composed  of  Monge, 
Caniot,  Fourier,  Poisson,  Poinsot,  Ampere,  and  Fresnel  (to  mention  only  some 
names),  together  with  Gauss,  Kirchhoff^,  and  von  ilelmhollx  in  Germany,  and 
Ivory,  Green,  Stokes,  Maxwell,  and  others  in  England,  applied  their  mathematics 
to  various  branches  of  physics,  for  the  most  part  its  development  was  that  of  an 
ancillary  subject.  The  result  is  the  superb  body  of  knowledge  that  may  be 
summarised  under  the  title  of  '  mathematical  phvsics ' ;  but  the  final  interest  is 
the  interest  of  physics,  though  the  construction  has  been  the  service  of  mathe- 
matics. Moreover,  this  tendency  was  deliberate,  and  was  avowed  in  no  uncertain 
tone.  Thus  Fourier  could  praise  the  utility  of  mathematics  by  declaring  that 
'  there  was  no  language  more  universal  or  simpler,  more  free  from  errors  or 
obscurity,  more  worthy  of  expressing  the  unchanging  relations  of  natural 
entities' ;  in  a  burst  of  enthusiasm  he  declares  that,  from  the  point  of  view  he 
had  indicated,  *  mathematical  analysis  is  as  wide  as  Nature  nerself,'  and  '  it 
increases  and  grows  incessantly  stronger  amid  all  the  changes  and  errors  of  the 
human  mind.'  Mathematicians  might  almost  blush  with  conscious  pleasure  at 
such  a  laudation  fo  their  subject  from  such  a  quarter,  though  it  errs  both  by 
excess  and  defect;  but  the  exultation  of  spirit  need  not  last  long.  The  same 
authority,  when  officially  expounding  to  the  French  Academy  the  work  of  Jacobi 
and  of  Abel  upon  elliptic  functions,  expressed  his  chilling  opinion  (it  had 
nothing  to  do  with  the  case)  that  '  the  questions  of  natural  philosophy,  which 
have  the  mathematical  studyfo  all  important  phenomena  for  tneir  aim,  are  also 
a  worthy  and  principal  subject  for  the  meditations  of  geometers.  It  is  to  be 
desired  that  those  persons  who  are  best  fitted  to  improve  the  science  of  calcula- 
tion should  direct  tneir  labours  to  these  important  applications.'  Abel  was  soon  to 
pass  beyond  the  range  of  admonition  ;  but  Jacobi,  in  a  private  letter  to  Legendre, 
protested  that  the  scope  of  the  science  was  not  to  be  limited  to  the  explanation 
of  natural  phenomena.  I  have  not  quoted  these  extracts  by  way  of  even  hint  of 
reproach  against  the  author  of  such  a  wonderful  creation  as  Fourier^s  analytical 
theory  of  heat ;  his  estimate  could  have  been  justified  on  a  merely  historical 
review  of  the  circumstances  of  his  own  time  and  of  past  times ;  and  I  am  not 
sure  that  his  estimate  has  not  its  exponents  at  the  present  day.  But  all  history 
shows  that  new  discoveries  and  new  methods  can  spread  to  issues  wider  than  those 
of  their  origins,  and  that  it  is  almost  a  duty  of  human  intelligence  to  recognise 
this  possibility  in  the  domain  of  progressive  studies.    The  fact  is  that  mathe> 
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matical  physics  and  pure  mathematics  have  given  much  to  each  other  in  the 
past  and  will  give  much  to  each  other  in  the  future ;  in  doing  so,  they  will  take 
harmonised  action  in  furthering  the  progress  of  knowledge.  But  neither  science 
must  pretend  to  absorb  the  activity  of  the  other.  It  is  almost  an  irony  of 
circumstance  that  a  theorem,  initiated  b^  Fourier  in  the  treatise  just  mentioned, 
has  given  rise  to  a  vast  amount  of  discussion  and  attention,  which,  while  of 
supreme  value  in  the  development  of  one  branch  of  pure  mathematics,  have 
hitherto  offered  little,  if  anything,  by  way  of  added  explanation  of  natural 
phenomena. 

The  century  that  has  gone  has  witnessed  a  wonderful  development  of  pure 
mathematics.  The  bead-roll  of  names  in  that  science — Gauss;  Abel,  Jacobi; 
Cauchy,  Riemann,  Weierstrass,  Hermite;  Cavley,  Sylvester;  Lobatchewsky, 
Lie — will  on  only  the  merest  recollection  of  the  work  with  wliich  their  names 
are  associated  show  that  an  age  has  been  reached  where  the  development  of 
human  thought  is  deemed  as  worthv  a  scientific  occupation  of  the  human  mind 
as  the  most  profound  study  of  the  phenomena  of  the  material  universe. 

The  last  feature  of  the  century  that  will  be  mentioned  has  been  the  increase 
in  the  number  of  subjects,  apparently  dissimilar  from  one  another,  which  are  now 
being  made  to  use  mathematics  to  some  extent.  Perhaps  the  most  surprising  is 
the  application  of  mathematics  to  the  domain  of  pure  thought ;  this  was  effected  by 
George  Boole  in  his  treatise  '  Laws  of  Thought,'  published  in  1854 ;  and  though 
the  developments  have  passed  considerably  beyond  Boole's  researches,  his  work 
is  one  of  those  classics  that  mark  a  new  departure.  Political  economy,  on  the 
initiative  of  Cournot  and  Jevons,  has  begun  to  employ  symbols  and  to  develop 
the  graphical  methods ;  but  there  the  present  use  seems  to  be  one  of  suggestive 
record  and  expression,  rather  than  of  positive  construction.  Chemistry,  in  a 
modern  spirit,  is  stretching  out  into  mathematical  theories ;  Willard  Gibbs,  in 
his  memoir  on  the  eauilibnum  of  chemical  systems,  has  led  the  way ;  and,  though 
his  way  is  a  path  which  chemists  find  strewn  with  the  thorns  of  analysis,  his 
work  has  rendered,  incidentally,  a  real  service  in  co-ordinating  experimental  results 
belonging  to  physics  and  to  chemistry.  A  new  and  generalised  theory  of 
statistics  is  being  constructed ;  and  a  school  has  grown  up  which  is  applying 
them  to  biological  phenomena.  Its  activity,  however,  has  not  yet  met  with 
the  sympathetic  gooawill  of  all  the  pure  biologists ;  and  those  who  remember  the 
quality  of  the  discussion  that  took  place  last  year  at  Cambridge  between  the 
biometricians  and  some  of  the  biologists  will  agree  that,  if  the  new  school  should 
languish,  it  will  not  be  for  want  of  the  tonic  of  criticism. 

If  I  have  dealt  with  the  past  history  of  some  of  the  sciences  with  which  our 
Section  is  concerned,  and  have  chosen  particular  epochs  in  that  history  with  the 
aim  of  concentrating  your  attention  upon  them,  you  will  hardlv  expect  me  to 
plunge  into  the  future.  Being  neither  a  prophet  nor  the  son  of  a  prophet,  not 
being  possessed  of  the  knowledge  which  enabled  Halley  to  don  the  propnet- s  mantle 
with  confidence,  I  shall  venture  upon  no  prophecy  even  so  cautious  as  Bacon's — 
'  As  for  the  mixed  mathematics  I  may  only  make  this  prediction,  that  there 
cannot  fail  to  be  more  kinds  of  them  as  Nature  grows  further  disclosed' — a 
declaration  that  is  sage  enough,  though  a  trifle  lacking  in  precision.  Prophecy, 
unless  based  upon  confident  knowledge,  has  passed  out  of  vogue,  except  perhaps 
in  controversial  politics ;  even  in  that  domain,  it  is  helpless  to  secure  its  own 
fulfilment.  Let  me  rather  exercise  the  privilege  of  one  who  is  not  entirely 
unfamiliar  with  the  practice  of  geometry,  and  let  me  draw  the  proverbial  line 
before  indulgence  in  prophetic  estimates.  The  names  that  have  flitted  through 
my  remarks,  the  discoveries  and  the  places  associated  with  those  names,  definitely 
indicate  that,  notwithstanding  all  appearance  of  divergence  and  in  spite  of 
scattered  isolation,  the  sum  of  human  Knowledge,  which  is  an  inheritance  common 
to  us  all,  grows  silently,  sometimes  slowly,  yet  (as  we  hope)  safely  and  surely, 
through  the  ages.  You  who  are  in  South  Africa  have  made  an  honourable  and 
an  honoured  contribution  to  that  growing  knowledge,  conspicuously  in  your 
astronomy  and  through  a  brilliant  succession  of  astronomers.  Here,  not  as 
an  individual  but  as  a  representative  officer  of  our  brotherhood  in  the  British 
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Association,  I  can  offer  yon  no  better  wish  than  that  jou  toaj  produce  aonie 
men  of  genius  and  a  multitude  of  able  workers  who,  by  their  researches  in 
our  scienoes,  may  add  to  the  fame  of  your  country  and  contribute  to  the 
'  intellectual  progress  of  the  world. 


The  following  Palters  were  read  :— 

1.  ObservcUions  on  Atmospheric  Electricity  in  South  Africa, 
By  Professor  J.  0.  Beattib,  D,Sc,^  J.  Ltlb,  M,A.^  and 
W.  H.  LOQBMAN,  M.A. 

The  observations  carried  out  up  to  now  consist  of  a  series  made  at  Bloem- 
fontein  in  1902-1908  by  Mr.  Lyle,  of  the  Grey  College,  Bloemfontein.  and  a  less 
complete  series  made  during  the  same  period  at  Cape  Town  by  Mr.  W.  H. 
Logeman.  Obeervatlons  have  also  been  carried  out  in  Cape  Town  by  Mr.  Fincham 
daring  the  present  year. 

The  instruments  used  were  an  Elster  and  Geitel  dissipation  apparatus,  and — ^less 
regularly — a  Kelvin  portable  electrometer. 

The  paper  contained  the  records  of  daily  readings  of  temperature,  humidity, 
pressure,  and  both  positive  and  negative  leaks  for  morning  and  afternoon  hours. 
These  results  are  used  to  determine  the  annual  variation  ]  a  hitrmonic  analysis  of 
the  results  being  obtained  in  the  usual  way. 

Cape  Town  is  on  the  coast  practically  at  sea-leveL 

Bloemfontein  is  inland,  and  about  4,500  feet  above  sea^-level. 

The  magnitude  of  the  leak  is  greater  at  Bloemfontein  than  at  Cape  Town. 

The  positive  leak,  both  at  Cape  Town  and  at  Bloemfontein,  is  less  than  the 
negative  in  the  morning;  the  positive  leak  in  the  afternoon  in  Bloemfontein  is 
greater  than  the  negative  in  the  summer  months,  less  in  the  winter  months.  In 
Cape  Town,  so  far  as  the  observations  go,  it  seems  probable  that  the  opposite  is 
true,  that  is,  from  June  to  October  the  positive  leak  is  greater  than  the  negati?e, 
and  in  November  and  December  less. 

Mr.  Lyle  and  Mr.  Fincham  had  in  addition  observed  on  several  days  throughout 
the  whole  day.  The  chief  results  are  similar  to  those  obtained  in  Europe. 
Formation  of  fog  leads  to  a  diminution  in  leak.  The  rate  of  leak  changes  wiih 
the  relative  humidity  and  with  the  pret^sure. 


2.  Apioidal  Binary  Star-Systems,    By  Alexahdrb  W.  Roberts,  D.^c, 
F.B.A,S.'-&ee  Report*,  p.  249. 


3.  On  the  Convergence  of  a  Reversed  Tower  Series. 
By  Professor  A.  Brown,  Jlf,A, 

For  some  purposes  it  is  useful  to  have  a  knowledge  of  definite  limits  within 
which  a  reversed  series  converges.  The  following  investigation  supplies  such  a 
knowledge,  though  the  limits  obtained  are  generally  rather  narrow. 

Start  from 

y  =  ^ijr  +  ftjA*' 4 .        .        (1) 

which  is  the  series  to  be  reversed,  the  b*s  being  real. 

x  =  y--l-{6^-*...}  .        .        .        .        (2) 

If  we  apply  the  method  of  successive  approximations  we  have,  first. 


Digitized  by 


Google 


TRANSACTIONS   OF  SECTION  A.  319 

This  must  now  be  substituted  in  e<^uation  (2)  and  a  second  approximation 
obtained.  The  second  aDprozimation  is  now  substituted  in  (2)  to  obtain  a  third. 
If  the  series  thus  obtainea  is  convergent  it  is  the  reversed  series  wanted. 

Suppose,  first,  that  ^j  is  positive. 

Then  the  coefficients  of  the  series  obtained  by  successive  approximation  are 
clearly  not  greater  than  would  be  got  if  all  the  coefficients  of  powers  of  x  in  (2) 
were  positive,  i.e.,  not  greater  than  the  coefficients  of  reversed  series  obtained  from 

x^^^hp^^-,0^...]  ...        (8) 

whereA,s:|6«|. 

If  j9  is  the  greatest  of  the  set  /9^,  .  . «  the  aeries  from  (8)  has  coefficients  certainlj 
not  greater  than  those  from 

If  bi  is  negative,  the  numerical  value  of  the  coefficients  is  clearly  not  diminished 
if  we  make  every  sum  on  the  right-hand  side  of  (2)  positive.  Combining  the  two 
cases,  we  see  that  the  coefficients  of  the  reversed  series  are  certainly  not  greater 
than  those  obtained  from 

Hi      Hi 

The  coefficients  in  this  last  case  can  be  calculated. 

We  have  ^  =  |^+rt7i^T\' 

whence  :r»(/3  +  /9,)-a•(y  +  ^^)+y  =  0; 

the  solution  with  the  negative  sign  before  the  square  root  being  evidently  the 
appropriate  one. 

Now  the  expression  for  .r  will  be  expansible  in  a  series  of  powers  of  y  provided 

is  so  expansible. 

Values  of  y  for  which  this  is  certainly  true  are  given  by 

i.e.,y»  +  2yOi  +  2/3)-.^,»<0. 
The  range  of  positive  values  of  y  for  which  this  is  true  is 


^-r 


sod  for  these  values  of  y  the  series  obtained  from  (1)  by  reveruon  will  also  be 

conver^t. 

it  18  assumed  throughout  that  the  value  of  y  is  positive ;  a  negative  value 
would  be  met  by  changing  both  sides  of  (1)  and  obtaining  one  or  other 
{b^  +  or  ^j  -  )  of  the  cases  discussed. 

The  series  y=:jr+      +^... 


Chrystal  II.  chap,  xxvii.  §  7.  ^g,^^,  .^ GoOglc 
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gives  y  s  *236  as  upper  limit,  it  being  otherwise  known  that  the  reversed  series 
IS  convergent  up  to  y  =  1. 

The  series  y  =  ^--o-  + V  *  •  • 

gives  y  =  '236  as  upper  limit ;  the  reversed  series  is  actually  convergent  for  all 
values  of  y. 

It  is  to  be  observed  that  no  result  is  given  for  the  case  when  any  of  the  ft'a 

become  indefinitely  great,  since  o  f  ^^  fv^Oi  +  -^/^)'  +  ^i^  -  Oi  +  2)3)1  =  0,  provided 

0i  ^00 ,  a  case  which  does  not  arise. 

The  case  excepted  may  be  dealt  with  as  follows: — 

Suppose  y  =  6i:i'  .  .  ,-¥bnX^-¥.  .  .  .••••••     (1) 

where  b  =  oo  ,  and  of  course  the  series  on  the  right  of  (1)  is  convergent  for  values 
of  X  within  a  certain  region,  say  | ^i  <p. 

Tlien,  if  o-  be  any  quantity  such  that  {o-j  >p  we  have  L  !  *V  =  0,  and  none  of  the 

quantities  ;~"  other  than  finite. 

Transform  (I)  by  the  relations  era's ^ 

yz.*'.^  ...+  *?^.+    ... 

and  we  have  a  series  to  which  the  previous  reasoning  is  applicable,  and  if  f  is 
expansible  in  a  series  of  powers  of  y,  then  .r  =  ^  is  also  so  expansible. 

The  condition  is  y  <  ^/(/Si  +  2^f  +  /3,«  -  (3^  +  23) 

where  /3j  =  i  '  and  /3  is  the  greatest  of  the  set  i  "  L 

\(t\  |(r» 

e.g.,  y  =  .r  +  2a*  .  .  •  +wa*+   ... 

put2x=|        y=J.«  +  i.«'  +  -J  .r ... 

^i  =  J3  =  J  y<*15. 

The  same  principle  can  also  be  applied  to  the  first  case  considered ;  thus  the 
reversed  series  of  (1)  will  certainly  oe  convergent  for  values  of  x  less  than  the 
greatest  of  the  quantities  [v'r^i|o-  +  2'/3;^)«  +  i8iV-(3,|o-  +  2/9»Icr")] 

where  o-  is  any  quantity  whatever  and  ^nW^  is  the  greatest  of  the  set 

^iW.  ^'xW\  ^<r'  .  .  . 

I  am  unable  to  find  any  general  expression  for  the  maximum  value  of  this 
limit,  owing  to  the  difficulty  arising  from  the  fact  that  different  values  of  a  require 
different  /9's  to  be  selected  to  give  the  greatest  coefficient.  It  is  to  be  observed 
that  the  values  of  the  above  limit  for  <r  =  0  and  for  o-  =  oo  are  both  zero. 

As  an  example  of  the  limits  obtained  we  have  for  the  case  of 

y  =  *  +  J+.+J... 

f<r=   i        i        i       I        3        3 
\y<-315,  -360,  -324,  -236,  152,  -111. 
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The  proof  can  be  arranged  so  as  to  cover  the  case  of  an  imaginary  variable. 
We  have  y  =:  b^x  ■¥  b<gX^  +  byV*  + (l) 

^=?--r  {V  +  V''+   .  .  .}  .        .        .        •       (2) 

Suppose  now  that  v-  =*  7  +  tf ,  and  compare  two  series  (a)  the  one  which  would 

be  got  from  (2)  by  suooeasive  approximation,  and  (b)  the  series  got  by  successive 
approximation  from 

.r  =  p  +  V{V  +  ^,r'+   .  .  .}  .        .        .        .        (4) 

where  p  =  \fi  +  ii\  and  fir  =  |*r|. 

Using  the  facts  that  the  modulus  of  a  sum  is  not  greater  than  the  sum  of  the 
moduli,  and  that  the  modulus  of  a  product  or  quotient  is  equal  to  the  product  ( r 
quotient  of  the  moduli,  we  see  that  in  the  parallel  processes  for  obtaining  (a)  and 
(b)  any  term  in  (b)  is  not  less  than  the  modulus  of  the  corresponding  term  in  {a). 

Hence  the  reversed  series  obtained  from  (1)  will  be  convergent  if  that  obtained 
from  (4)  is  convergent.    By  the  previous  work  the  condition  is 

«<  >/(/3i  +  2/5)«  +>^-  (fli  +  2/5) 

where  ie=  |^|. 

The  yentral  remit  is  that  the  reversed  series  of 

y  :=  bix  ■¥  byV^  .  .  .   +6„.t*  .  .  . 

is  convergent  for  all  values  ofj  such  that 


{y)  <  >/(X3i  +  2X»/9,)«  +  X'x/Sn'  -  fX3i  +  2X"A.) 
where  X  is  any  quantity  and  X'^fi^  is  the  greatest  of  the  set  \\bx\  \\^b,^\  |X'&j|. 


4.  On  Instruments  for  Stereoscojric  Surveying.    By  H.  G.  Fourcade. 

The  instruments  of  which  photographs  are  exhibited  have  been  designed  for 
the  construction  of  topographical  plans  from  stereoscopic  photographs  of  the 
country.  A  preliminary  account  of  the  method  was  communicated  to  the  S.  A. 
Philosophical  Society  on  October  2,  1901  (also  'Nature/  June  5,  1002),  and  a 
more  complete  Paper  will  shortly  be  published. 

If  photographs  be  taken  from  both  ends  of  a  base,  at  right  an^^les  to  it  and 
under  conditions  ensuring  perfect  parallelism  of  the  line  of  collimation  of  the 
camera  in  both  positions,  the  co-ordioates  of  any  point  common  to  both  pictures 
may  be  computed  from  the  plate  co-ordinates  by  means  of  the  simple  relations— 

h  being  the  base,  /  the  focal  length  of  the  camera  lens,  and  e  the  sterecteopie 
diflerence— that  is,  the  difference  of  the  plate  .rV  It  is  not  necessary  to  have  the 
ends  of  the  base  at  the  same  height. 

The  camera  is  a  metal  box  orovided  with  levels,  a  transverse  telescope,  and  a 
very  accurate  r^seau  scale  divided  on  the  silvered  surface  of  an  optically  plane  and 
parallel  plate  of  glass,  which  may  be  set  in  front  of  the  senaitive  film  for  the 
imnression  of  the  r^seau  lines  or  raised  for  the  exposure  of  the  view.  Two  i)ivot8 
ana  an  end  contact  on  the  frame  of  the  r^sesu  plate  ensure  the  geometrically 
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correct  setting  of  tbat  plate  every  time  it  is  lowered.  The  wro  of  the  r^seau  ecale 
then  coincides  with  the  optical  axis  of  the  camera,  independently  of  temperature 
changes.  Means  are  provided  for  making  all  the  necessary  instrumental  adjust- 
ments. 

The  image  of  the  r^eau  scale  heing  projected  from  tlie  camera  lens,  ordinary 
commercial  plates  witli  sensible  curvatures  ma^  be  used  without  detriment  to 
accuracy,  since  any  resulting  distortion  in  the  picture  is  reproduced  in  the  rteeaa 
and  diTOreutially  eliminated  in  measures  for  which  the  r^seau  supplies  the  scale. 
To  avoid  the  inconvenience  which  varying  sizes  of  r^seau  intervals  would  ooea^ 
sion,  the  plate  is  placed  in  the  measuring  machine  at  a  distance  from  the  micro- 
scope objective  equal  to  the  focal  lens  of  the  camera  lens,  and  with  the  6lm  in  the 
same  relative  position,  so  that  runs  remain  practically  constant. 

The  parallelism  of  the  camera  at  both  stations  is  secured  by  the  use  of  two 
similar  stands,  on  which  the  camera  and  a  mechanically  centred  signal  are  8ucces> 
sively  interchanged.  The  transverse  telescope  is  reversed  at  the  second  station 
in  a  manner  eliminating  the  effect  of  small  errors  of  collimation  or  inclination. 
Tlie  principal  error  remaining  is  that  of  bisection,  and  it  may  be  made  very  small 
with  a  suitable  sharply  defined  signal. 

The  lens  adopted  is  Zeiss's  '  Protar/  of  141  mm.  nominal  focal  length,  in  a 
special  mounting  and  with  a  permanent  stop  of  fld6.  The  plat<es  used  are 
'  Edward's  medium  isochromatic,  4x6  inches,  and  the  exposures  are  made  through 
a  dark  yellow  screen  optically  piano-parallel.  The  advantage  of  cutting  off  the 
rays  of  shorter  wave-length  which  form  atmospheric  '  blue  haze '  is  that  photo- 
graphs may  then  be  taken  showing  sufficient  detail  for  purposes  of  measurement  in 
a  range  of  distance  extending  to  12  km.  or  more. 

The  camera  is  constructed  of  an  aluminium  alloy,  and  weighs  with  the  changing 
box  and  a  dozen  plates  only  14  lbs.,  so  that  it  is  sufficiently  portable  for  mountain 
work.  A  6-inch  micrometer  theodolite  is  interchangeable  on  the  same  stand,  and 
serves  to  connect  the  ends  of  the  base  with  the  triangulation  ni  the  country. 

The  measuring  machine  is  essentially  similar  in  principle  to  those  which  are 
used  for  the  measurement  of  stellar  photographs,  except  tliHt  a,  pair  ot  plates  in 
stereoscopic  comHnation  is  measured  together.  Any  portion  of  the  picture  may 
be  made  to  appear  in  relief,  and  any  point  chosen  to  coincide,  apparently  in  three 
dimensions,  with  an  index  attached  to  the  micromete  a.  These  consist  each  of  a 
screw  moving  a  glass  scale,  the  intersection  of  which  with  a  r^seau  line  gives  the 
distance  of  the  point  from  the  line  considered.  The  numbering  of  the  r^seau 
intervals  of  the  scale  and  of  the  micrometer  heads  is  arranged  to  give  at  sight  the 
successive  figures  of  the  reading  of  aplate co-ordinate  to  the  nearest  micron,  or  by 
estimation  to  a  tenth  of  a  micron,  llie  micrometer  head  is  then  turned  back  a 
fraction  of  a  revolution  until  it  butts  against  a  stop,  when  it  is  again  at  its  aero 
and  the  measurement  of  the  next  point  may  be  proceeded  with. 

.  The  speed  of  measurement  with  the  machine  was  found  to  be,  without  practice, 
twenty-five  pairs  of  points  an  hour. 

The  mechanical  parts  of  the  machine  and  of  the  camera  were  made  by 
Troughton  &  Simms,  the  optical  parts  and  the  glass  scales  by  2^isSj  and  the 
r^seau  by  Gautier.  These  firms  spared  no  pains  in  endeavouring  to  satisfy  the 
somewhat  exacting  requirements  that  were  considered  necessary  for  accuracy, 
and  the  resulting  workmanship  of  the  instrument  is  very  satisfactory. 

The  p.e.  of  a  single  bisection  (mean  at  sight  of  back  and  forward  rotations 
of  the  drums)  with  either  micrometer  was  found  to  be,  from  the  residuals  of  200 
observation  equations  formed  in  the  investigation  of  the  scale  and  screw  errors, 
i:  0*27^  for  a  mark  of  best  definition.    For  a  r^seau  line  it  is  ±  0*43/i. 

'  Ordinary  topographical  objects  being  usually  ill-defined  and  irregular,  can 
seldom  be  bisected  accurately  with  each  eye  singly,  but,  stereoscopically,  the 
adjustment  of  their  apparent  distance  with  that  of  the  index  can  be  effected  with 
great  comparative  delicacy,  the  p.e.  of  a  stereoscopic  bisection  being  from  i:  1  02 
to  db  2'66/i,  according  to  the  class  of  object,  or  equivalent  to  a  p.e.  of  bisection  of 
±  072  to  1-88^  for  each  plate.' 

The  distortion  of  the  camera  lens  was  determined  with  great  precision  from 
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meaauies  of  plates.  It  may  be  expressed,  with  a  probable  error  of  under  one 
micron,  as  a  function  of  the  radius  nom  the  centre  of  the  plate,  with  the  addition 
of  terms  representing  the  eifect  of  the  deviation  of  a  central  ray  in  passing  along 
the  optical  axis  of  thiB  lens,  a  deviation  due  to  small  errors  in  centreing  of  the 
system  ot  lenses.  The  symmetrical  part  of  the  distortion  is  nearly  represented  by 
a  parabola  of  the  second  degree. 

A  '  standard '  value  of  the  focal  len^  at  a  giTen  temperature  results  from 
the  determination  of  the  distortion.  It  is  the  distance  on  the  rteau  scale  of 
the  silvered  surface  of  the  r^seau  plate  from  the  back  nodal  point  of  the  lens  for 
small  elements  of  the  picture  near  the  centre.  The  temperature  coefficient  of 
that  standard,  being  equal  to  the  difference  between  the  coefficients  of  expansion 
of  aluminium  and  glass  ralues  for  different  temperatures  of  exposure,  may  be 
computed  and  used  for  all  subsequent  work. 

The  corrections  for  distortion  are  taken  out  at  sight  from  a  diagram  of 
correction  curves  over  the  plate.  They  become  large  near  the  comers  of  the 
plate,  reaching  then  200/i  or  more. 

No  other  correction  is  applied  to  the  plate  co-ordinates,  the  remaining  errors 
being  treated  as  accidental.  From  a  discussion  of  measures  it  results  that  the . 
principal  sources  of  these  errors  and  their  probable  amounts  are  as  follows : — 

Error  of  scale  and  screw,  treated  as  accidental      ,        .        ,     ±  0*3^ 
Uncorrected  distortion  of  lens  and  error  in  taking  out  dis- 
tortion from  diagram ±  l*lfi 

Pistortion  of  film  and  error  inherent  to  the  photographic 
image        . ±  l*6fi 

There  are,  in  addition,  errors  in  the  relative  orientation  of  the  pair  of  plates 
(±l'6fi),  and  in  then*  absolute  orientation  and  that  of  the  base  line.  The 
vertical  co-ordinate  s  is  estimated  on  the  glass  scale  to  the  nearest  10/i,  it  being 
unnecessary  to  meesure  s  with  the  same  accuracy  as  the  stereoscopic  difference  e. 

The  combined  effect  of  all  the  errors  on  the  measures  of  an  ordinary  topo- 
graphical object  is : 

Atfs±4/i,    Ax»i lOfi,    Ass  ±7fi. 

The  probable  errors  in  the  co-ordinates  of  a  point  resulting  from  these  values 
are  as  under : — 
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A  test  survey  was  made,  in  which  the  co-ordinates  of  266  points  were 
computed  from  a  pair  of  plates.  Of  these  twenty-five  were  either  determined  by 
independent  survey  or  compared  with  their  positions  derived  from  the  overlap  of 
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the  next  pair  of  plates  having  a  difierent  hase  line.  The  comparisoQ  shows  that' 
the  average  errors  are  of  the  magnitude  given  abore,  or  slightly  lese,  and  therefore 
that  no  important  source  of  error  was  overlooked  in  the  discussion. 

Dr.  Pulfrichy  of  Jena,  devised  at  about  the  same  time,  and  independently,  a 
stereoscopic  method  of  measurement,  described  in  a  paper  in  the  '  Zeitachrift  fiir 
lns*rumentenkunde '  for  March,  May,  and  August  1902.  To  the  instrument  used 
for  the  measurement  of  plates  he  gives  the  name  of  '  Stereo-comparator.'  It 
differs  somewhat  in  design  from  the  measuring  stereoscope  of  the  author,  and  the 
measurements  are  referred  not  to  a  r^seau,  but  to  independent  metal  scales,  record- 
ing the  relative  or  absolute  displacement  of  the  plates  on  the  machine.  In  con- 
sequence the  plates  cannot  be  measured  directly  when  set  at  an  inclination 
corresponding  to  that  of  the  base  line,  which  is  the  condition  for  combining 
correctly  the  pair  of  pictures.  An  approximate  combination  is,  however,  obtained 
if  one  of  the  plates  is  moved  vertically  whenever  a  measurement  is  made  until 
the  point  considered  is  at  the  same  height  on  both  plates. 

According  to  Colonel  Ijaussedat  ('Bull.  Sac  fran^alse  de  Photographie,'  t.xx., 
1004),  Baron  von  Hubl  found  it  necessary,  when  using  the  machine  for  topo- 
graphical work,  to  conduct  the  measurements  at  a  constant  temperature,  and  to 
control  the  results  by  means  of  a  large  number  of  points  determined  by  independent 
survey.  Von  Hiibl  concludes  that  the  method  is  of  limited  usefulness  m  com- 
parison with  ordinary  photo^ammetry.  lie  does  not  appear,  however,  to  have 
taken  into  account  the  distortion  of  the  lens,  which  may  be  considerable. 

The  accuracy  of  measures  made  with  a  machine  of  the  independent-scale  type 
is  limited  by  :— 

(a)  Errors  in  the  relative  setting  of  the  plane  of  the  plates  in  the  camera  and  in 
the  machine  ;  error  in  setting  the  corresponding  reference  lines  on  both  plates  truly 
parallel ;  displacement  of  the  horizontal  zero  setting,  when  measuring,  if  the 
auxiliary  vertical  slide  moving  one  plate  relatively  to  the  olher  is  not  perfectly 
straight  and  accurately  parallel  with  the  reference  marks  of  the  supported  plate. 

(fi)  Errors  in  the  straightness  of  the  other  slides  introducing,  from  rotation, 
unequal  displacements  of  the  point  observed  and  of  the  index  of  the  recording  scale 
placed  some  distance  laterally. 

(c)  Diiferences  between  the  temperatures  at  which  the  plates  are  exposed,  at 
which  they  are  set  to  zero  in  the  machine,  and  at  which  each  measurement  is  made. 
The  efiVci  of  temperature  changes  is  important,  since  small  stereoscopic  differences 
are  determined  from  diflerences  of  large  lengths,  involving  the  coefficients  of 
expansion  of  glas.<>,  steel,  and  brass. 

(d)  Curvature  of  the  film.  The  picture  is  impressed  as  a  projection  from  a  point 
in  the  lens,  but  is  measured  orthogonally.  The  resulting  error  may  be  reduced  by 
the  UFO  of  plate-glass  to  support  the  film,  but  it  is  not  even  then  rendered  negligible 
when  the  focal  length  is  not  large  in  comparison  with  the  dimensions  of  the 
plate. 

On  the  other  hand,  none  of  these  sources  of  error  affects  measures  made  with 
the  measuring  stereoscope  by  reference  to  a  r^seau  scale  impressed  in  the  camera. 
The  results  are  then  found  to  leave  little  to  be  desired  in  point  of  precision. 
Ordinary  plates  may  be  used  and  control  surveys  dispensed  with.  The  speed  of 
measurement  is  greater  than  with  a  scale  machine,  since  all  readings  are  made  from 
the  eyepiece,  and  one  setting  of  the  pair  of  plates,  only  necessarily  approximate 
enough  to  produce  stereoscopic  combination,  is  sufficient  for  the  whole  of  the 
measurements. 

It  is  not  expected  that  the  method  will  displace  any  of  those  in  present  use. 
There  is  no  universal  method  of  surveying,  and  the  skill  of  a  surveyor  is  shown 
in  nothing  so  much  as  in  the  correct  choice  of  different  methods  under  different 
conditions.  But  it  is  hoped,  nevertheless,  that  the  power  and  accuracy  of  the 
stereoscopic  method  will  justify  for  it  a  place  in  the  practice  of  topographical 
surveying. 
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5.  On  Japanese  Mathematics.    By  Professor  Paul  Harzer. 

The  aetonifihin^  progress  of  Japanese  mathematics  in  recent  years  has  induced 
me  to  seek  for  signs  of  any  independent  mathematical  work  of  the  Japanese 
before  their  contact  with  occidental  culture  in  our  times.  Our  knowledge  of 
these  ancient  times  in  general  comes  to  us  from  very  scanty  sources,  not  easily 
accessible;  a  great  pan  of  them  are  in  Jopanese,  and  require  very  careful 
criticism ;  the  sources  for  Japanese  mathematics  in  particular  have  been,  moreover, 
kept  secret  by  the  Japanese  mathematicians  in  the  manner  of  the  old  Pythagorean 
school,  and  have  become  known  to  foreignere  only  in  the  last  few  years. 
Aided  by  a  Japanese  scholar,  who  has  translated  some  Japanese  texts  for  me,  T. 
have  studied  these  sources,  and  am  giving  you  an  abstract  of  the  results,  which 
I  have  laid  down  in  detail  in  a  paper  published  in  the  '  Jahresbericht  der 
deutschen  Mathematiker  Vereinigung,*  vol.  xiv.  p.  312.  I  may  add  that  in  this 
study  of  Japanese  sources  I  have  never  felt  any  doubt  concerning  their  purity. 

The  wide  extension  of  the  study  of  mathematics  in  Japan  alreadv  in  ancient 
times  is  to  be  inferred  from  the  fact  that  the  Imperial  Library  of  Tokio  contains 
more  than  2,0()0  written  and  printe<l  native  mathematical  works,  going  back  to 
the  year  1595.  It  is  nut  suqirising  that  the  higher  of  these  works  are  con- 
secrated to  the  problem  of  the  quadrature  of  the  circle,  which  has  been  the 
centre  of  the  mathematical  efforts  of  all  civilised  nations,  in  such  a  degree  that  we 
may,  with  an  English  mathematician,  assert  that  the  histoiy  of  this  problem 
coincides  nearly  with  the  history  of  mathematics  in  general. 

Concerning  the  Japanese  numerical  value  for  ir — that  is  to  say,  of  the  ratio 
of  the  circumference  of  the  circle  to  its  diameter — we  have  knowledge  of  the 
fraction  }g  about  the  year  1G27.  On  expresc^ing  this  value  in  the  decimal  system 
of  numl)er8,  in  use  in  Japan  since  olden  times,  the  first  two  places  are  right. 
To  the  second  half  of  the  seventeenth  century  belong  decimal  values  of  the 
precision  of  0  and  10  places.  About  1700  there  is  to  le  found  the  famous 
fraction  | f  S>  nght  to  7  places,  and  about  1722  and  1730  the  precision  increases 
to  42  and  61  correct  places.  Moreover,  about  1706  the  two  common  fractions 
{♦JIIJJ  »n<J  ^JIHtf HHS??^  were  known,  representing  ir  with  astonishing  pre- 
cision to  12  and  \^  places;  and  already  about  1760  there  exists  the  value 
^rt^  for  TT*,  which  is  exact  to  0  places. 

We  are  told  about  some  of  the  methods  by  which  these  values  were 
obtained.      One  form  of  solution  of  the  problem  depends  on   neaily  the  same 

Srinciple  as  the  famous  method  of  Archimedes :  an  arbitrary  arc  of  the  circle  is 
ivided  into  halves^  each  of  the  two  halves  once  more  into  halves,  and  so  on.  The 
chords  of  these  arcs  get  smaller  and  smaller,  and  their  sum  represents  the 
length  of  the  arc  nearer  and  nearer.  Between  the  chord  of  the  arc  and  that 
of  the  half-arc  exists  a  ouadratic  equation,  by  whose  solution,  repeated  for  the 
6ubEe(|uent  chords,  Archimedes  arrived  at  a  lower  limit  for  ir.  But  whereas 
Archimedes  made  this  calculation  numerically  only,  one  of  the  Japanese  solutions 
makes  use  of  analytical  methods,  and  obtains  its  results  in  the  form  of  infinite 
series  quite  in  the  way  of  modern  higher  mathematics.  The  other  type  ot 
Japanese  solution  is  connected  with  the  consideration  of  the  sphere,  which  is,  in  a 
manner  already  used  by  Archimedes,  dissected  by  parallel  planes,  quite  close 
to  one  another,  into  a  large  number,  e,g,  400,  of  thin  lay  era ;  and  their  content  is 
calculated  and  afterwards  summed  by  elementary  means.  The  connection  between 
these  two  kinds  of  solution  remained  unknown  to  the  Japanese  mathematicians  up 
to  the  year  1709. 

To  explain  Japanese  methods  of  the  first  kind,  which  are  of  particular 
interest,  I  begin  with  that  of  the  most  famous  Japanese  mathematician,  Kowa 
Seki  (1642-1703).  Let  2^^  be  the  chord  of  the  arc  .r  of  the  circle  of  radius  1. 
The  arc  being  subsequently  divided  into  halves,  let  2ya  be  the  chord  of  the  arc 

^ .    Then  we  have 

'*y.Xl-y.»)=y._,».  'Digitized  by  GoOgk  — 
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Seki  possessed  a  method  of  developiDg  the  root 


y.*=i(i-'/i-y^i') 

of  this  equation  in  series  of  powers  of  y«-i*.  He  got,  by  a  very  curious  lecorring 
algorithm,  quite  after  the  Far-Eastern  manner  of  reckoning,  which  I  have  not  the 
time  to  explain  in  this  place,  one  member  of  the  series  after  another  up  to  the 
sixth.  It  is  a  highly  astonisliiDg  fact  that  Seki  obtained  by  this  methodf  from 
the  equation 

the  infinite  binomial  series  for  the  exponent  i.  Then,  making  use  of  the  series  for 
y,',  he  derived  in  the  same  manner  y,^,  by  means  of  the  equation 


in  a  series  of  powers,  not  of  y,',  but  of  y^'.  Continuing  in  this  way,  he  obtained 
for  y,',  y^',  ...  up  to  yio',  series  of  powers  of  y^^.  By  passing  to  the  limit 
a  «>  ao,  according  to  the  formulas 

a>-*  V  =  (^**  8W  2^;  J»  -  :i^  =  (2  arc  sin  y^)", 

Seki  finds  the  series 

(arc  siny)'  -  V  ^  JL    2,A-6^^tf ^,.^ 

The  laws  of  the  coefficients  of  all  series  are  found  hy  incomplete  induction, 
which  played  a  great  part  in  Japanese  mathematics ;  but  it  must  be  stated,  with 
great  astonishment  and  admiration  for  Seki*s  skill  and  sagacity,  that  he,  though 
proceeding  on  lines  not  quite  legitimate,  always  arrives  at  right  results.  But  we 
must  allow  a  good  deal  for  the  non-existence  of  any  researches  concerning  the 
validity  of  series  in  the  ancient  Japanese  mathematics. 

Putting  in  Seki's  series  ^  »  ^»   s>  T*  special  values  of  ir*  are  obtained;  on 

ono  of  these  values  rests  the  formerly  quoted  common  fraction  for  this  quantity. 

Afterwards  some  other  series  were  deduced  by  which  not  ir^,  but  w  itself, 
could  be  calculated.  All  these  series  are  connected  with  the  name  of  Naomam 
Ajima  (1737-1707  nearly).  The  vehicle  of  these  researches  is  a  very  singular 
method,  called  the  '  circle  principle.'  In  our  mode  of  expression  this  princi[^  ia 
the  following.    If  the  integral 

\/(y)dy 

0 

is  to  be  calculated, /(y)  is  developed  in  powers  of  y,  thus  :— 

0 

and  the  integral  is  replaced  by  a  sum  of  a  great  number  of  terms,  deternuned 
by  the  upper  limit  y  a^,  and  the  equidistant  values 

y  =  "    aa0,l,2,8,..p,  dy^\, 
n  n 

—n  being  a  very  great  number— are  used  to  give  the  equation 


u^'^-li't'iJ^^-.d)- 


-  1  •  J  •  3  t  •  P      ^nf        ^'-^  J 
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Now  tlM  formula 

"»(it-©0...-«-l-,6)'-»4-.v' 

was  known  to  the  Japanese  mathematicianfl,  and  by  making  nee  of  it  they 
obtained 

In  ancient  Japanese  mathematics  only  the  two  functions  /(y)  =  yi-y*  and 
f(y)  *  ~7f3=8  ^^'^  considered ;  that  is  to  say,  the  series  of  the  binomial  theorem 

for  the  exponents  -f  \  and  -  i.  We  are  informed  of  three  different  series  connected 
with  Ajima's  name,  and  obtained  by  means  of  the  method  described  from  a 
quite  elementary  consideration  of  rectilinear  figures  in  a  circle.  These  series  arc 
the  following  ones: — 


«  „       1      1.3.6. ...(2^-1)    .,,. 
.         •      -^ ^^        ^      ' 


(i.)  Are  8in  y  =    V  S    -^-    -^  •^- ^    •  • '  < 
\  I  9        2,P  20  +  1  2.4.6 


(u.)  JCrcainy-y^Trp)  =  |  ,  J^^  k!".  tt".  I!  ^f^^^"'' 


0 


(iii.)  Arc  «n  y  -  vl-y'  f  ^  ^.tt^lZ.!)-  *""• 


0 


The  third  equation  would  by  an  integration  lead  back  to  the  Seki  series,  but 
I  did  not  find  any  indication  as  to  whether  this  reduction  had  been  the  aim  of 
Ajima's  remarkable  transformation. 

From  all  three  series,  special  values  of  ir  can  be  derived ;  and  we  know  that  the 
value  correct  to  61  places  had  been  calculated  in  1739  by  putting  in  the  firsli 
series y  s  ^.  Conoemmg  those  very  accurate  common  fractions  for  n-  and  n-'  which 
I  have  quoted,  I  have  convinced  myself,  with  astonishment,  that  they  must  have 
been  obtained  by  the  Japanese  mathematicians  by  the  means  which  we  now  apply 
for  the  approximate  transformation  of  irrational  numbers  into  common  fractions^- 
that  is  to  say,  the  calculus  of  continued  fractions.  For  these  numbers  are  con- 
vergents,  and  even  very  high  convergents  of  such  fractions. 

After  having  heard  of  such  unexpected  Japanese  work,  you  will  not  be 
astonished  at  learning  that  Ajima  treated  the  elhpse  in  the  same  way ;  that  at 
the  beginning  of  the  nineteenth  century,  there  existed  Japanese  researches  on  the 
catenary  and  the  cycloid;  and  we  may  trust  the  Japanese  statement,  not  yet 
proved  by  documents  accessible  to  me,  that  Seki  and  his  school  in  the  seventeenth 
century  knew  the  general  binomial  Uieorem,  some  theorems  of  the  theory  of 
numbers,  of  the  theory  of  maximum  and  minimum,  of  determinants,  of  plane  and 
spherical  trigonometry,  of  analytical  geometry,  and  of  geodesy. 

Now  the  question  is  forced  upon  us  whether  we  have  in  the  flourishing 
condition  of  Japanese  mathematics,  from  the  seventeenth  century  onward,  an 
independent  development  of  native  science,  or  only  a  transformation  of  imported 
acquisitions. 

We  will  first  consider  the  calculus  of  continued  fractions  proved  to  exist  in 
Japan  about  the  middle  of  the  eighteenth  ceotnry.  Now,  this  calculus  had  already 
been  used  by  Euclid  about  400  B.C.  to  free  fractions  of  common  divisors  of  the 
numerator  and  the  denominator,  and  by  applying  this  method  to  an  irrational 
number,  and  by  interrupting  the  algorithm  at  any  step,  we  obtain  the  method 
of  representing  the  fraction  approximately  by  the  convergents  of  a  continued 

^  zed  by  Google 


828  REPORT— 1905. 

fraction.  Moreover,  we  linow  that  already  about  600  a.d.  this  metliod  had  been 
transplanted  to  India,  and  bad  ripened  there  into  a  beautiful  method  of  resolving 
indeterminate  equations.  I  cannot  doubt  that  this  method  had  already  in  olden 
times  arrived  in  China,  within  the  reach  of  a  r^ular  connection  with  Japan. 
I  suppose  this  part  of  Japanese  mathematics  to  be  of  Greek  origin,  the  more 
because  I  have,  to  mj  great  surprise,  found  in  a  Japanese  source  the  andent 
Greek  solutions  of  the  famous  Delian  problem  ascribed  to  Plate. 

By  denying  to  the  Japanese  the  independent  discovery  of  the  theory  of 
continued  fractions  we  withdraw  from  them  only  things  belonging  to  the  lower 
mathematics.  Much  more  weight  is  to  be  attributed  to  the  quoted  Japanese 
infinite  series.  Now,  the  basis  of  all  these  Japanese  researches  is  formed  oy  the 
binomial  theorem  for  particular,  though  not  integral,  values  of  the  exponent.  iSeki, 
who  possessed  this  theorem  for  the  value  +  ^  at  least,  but  very  probably  for  any 
rational  value  of  the  exponent,  died  in  1708  at  the  age  of  sixty-six.  A  more 
precise  dating  of  his  work  is  not  possible,  but  we  can  surely  suppose  that  he  knew 
the  basis  of  his  researches,  which  he  taught  to  his  scholars,  already  a  considerable 
time  before  the  year  1700.  In  the  Occident  this  theorem,  one  of  the  most  important 
parts  of  mathematics  in  general,  was  actually  discovered  by  Isaac  Newton  in  1606. 
The  theorem  was  not  published  till  1665,  by  John  Wallis,  and  only  in  1704  by 
Newton  himself.  The  near  coincidence  of  the  times  when  the  binomial  theorem  was 
known  in  the  Occident  and  the  Far-East  excludes,  with  a  high  probability,  any  con- 
nection between  the  two  discoveries,  if  we  take  into  consideration  the  slow  rate 
of  intercourse  even  between  European  scholars,  the  great  distance  between  the  two 
opposite  parts  of  the  earth,  not  to  be  overcome  in  much  less  than  three  years,  the 
difficulty  of  the  languages  and  of  the  accessibility  of  a  country  maintained  in  tho  e 
times  in  the  uttermost  seclusion  by  laws  of  the  highest  severity.  But  we  can 
go  far  beyond  mere  probability  by  comparing  Seki*s  and  Newton's  methods  for 
the  development  of  the  root  of  a  binomial.  These  methods  both  represent  the 
analytical  investigation  of  the  numerical  operations  known  formerly  in  both 
regions  of  the  world ;  bat  the  Eastern  is  as  far  different  from  the  Western  as  things 
Japanese  ^nerally  are  from  oura.  Moreover,  we  find  in  Seki*s  other  sagacious 
and  audacious  performances,  for  which  any  prototype  in  the  Occidental  sciences 
is  entirely  lacking,  the  revelation  of  a  high  mathematical  genius,  to  whom  the 
independent  detection  of  the  binomial  theorem  must  without  any  hesitation  be 
attributed. 

Whereas  it  is  merely  in  the  highest  degree  probable  that  Seki  found  the 
binomial  theorem  independently,  the  independence  of  his  series  for  (arc  sin  y)* 
is  raised  above  any  doubt  by  the  mere  fact  that  this  series  was  first  published 
in  the  Occident  in  1815,  though  we  are  now  acauainted  with  the  fact  that  a 
letter  of  Leonard  Euler,  of  the  year  1787,  unpuolished  up  to  the  year  1904, 
contains  this  series,  but  here,  too,  only  about  thirty  years  after  Seki*s  death. 

So  clear  a  result  cannot  be  arrived  at  with  respect  to  the  question  whether  the 
three  series  which  come  down  to  us  under  the  name  of  Ajima,  living  about  1760, 
are  to  be  ascribed  to  native  skill.  This  question  is  important,  far  beyond  the 
special  results,  from  the  fact  that  the  method  spplied  —that  is  to  say,  the  circle 
principle — is  a  method  of  tho  infinitesimal  calculus ;  the  particular  meaning  of  the 
question  being,  therefore :  Had  the  Japanese  independently  discovi'red  the  elements 
of  this  calculus? 

At  first  sight  the  appearance  is  entirely  against  the  independence  of  tho 
Japanese  work,  since  two  of  the  three  series  under  consideration  had  been  pub- 
lished in  Europe  in  1685,  by  John  Wallis,  and,  what  is  of  high  importance,  bad 
been  derived  by  him  in  very  much  the  same  manner  as  in  Japan.  But  there 
are  several  indications  which  point  the  opposite  way. 

The  first  of  the  three  series  was  certainly  known  in  Jaf>an  about  1739, 
and  verv  probably  much  before  1722 ;  by  this  fact  the  authorship  of  this  series 
if  withdrawn  from  Ajima,  who  was  born  about  1787.  Owing  to  the  remark  of  a 
Japanese  source,  that  Ajima  has  been  a  disciple  of  a  mathematician  of  Seki'a 
school,  I  had  been  induced  to  suppose  Seki  himself  to  be  the  author  of  this  series  ; 
and  I  am  disposed  to  do  so  the  more  because  the  traces  of  the  circle  principle, 
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too,  lead  back  to  this  mathematician.  We  can  safely  reW  upon  this  fact,  the  more 
because  we  know  that  a  generalisation  of  this  principle  from  two  to  three  dimen- 
sions, on  which  reposes  the  already  mentioned  second  kind  of  Japanese  com- 
putations of  the  number  tt,  had  been  developed  in  Japan  from  1627  onward, 
whereas  the  distinct  traces  of  this  method  in  the  Occident  cannot  be  found  before 
1658.  It  may  be  that  the  circle  principle  rests,  both  in  the  Occident  and  in 
the  Far-East,  on  the  researches  of  Archimedes ;  for  there  the  geometrical  sources 
may  be  found  from  which,  after  the  lapse  of  centuries,  the  analytical  method  of 
the  circle  principle  may  have  flowed  independenily  in  both  regions. 

If,  indeed,  ^ki  was  in  possession  of  the  circle  principle,  considering  bis 
mathematical  genius,  the  omission  (more  than  the  existence  of  the  seiies^  would 
require  explanation.  Another  fact  which  speaks  in  favour  of  the  independence  of 
the  JajNinese  results  is  that  the  third  and  most  interesting  of  Ajima*s  series,  though 
found  in  the  Occident  by  Euler  already  in  Ajima's  lifetime,  seems  to  be  an 
undoubted  property  of  the  Japanese,  since  the  mode  of  derivation  is  quite 
different  from  tnat  applied  to  the  same  purpose  by  Euler  in  the  years  1755  and 
1768.  As  one  more  mark  of  independence  may  be  mentioned  the  fact  that,  of  the 
yarious  series  for  arc  tany  in  powers  of  y,  by  which  the  Occident  from  the  year 
1671  onward  has  supplied  a  much  more  powerful  tool  for  the  determination  of 
the  numerical  value  of  yt,  no  trace  can  be  found  in  Japan,  though  the  work  by 
John  Wallis  of  1685,  which  formerly  might  be  suspected  of  being  the  source  of 
the  first  two  Japanese  series,  contains  the  chief  formula  of  this  kind  too. 

We  may  add,  finally,  that  the  startling  similarity,  notwithstanding  the 
independence  of  the  advances  made  by  difierent  persons  in  difierent  countrit  s 
nearly  at  the  same  time,  has  been  often  pointed  out  in  the  history  of  science. 
I  call  to  your  mind  the  invention  of  the  infinitesimal  calculus  and  of  the  non- 
Euclidean  geometry. 

As  a  result  of  these  considerations,  I  conclude  that  the  invention  and 
application  of  the  elements  of  the  infinitesimal  calculus  may  be  ascribed  to  the 
Japanese  mathematicians,  though  not  with  certainty,  yet  with  a  sensible  degree  of 
probability.  Only  from  the  beginning  of  the  nineteenth  century  I  consider  can 
distinct  traces  of  direct  influence  of  Occidental  on  Far-Eastern  mathematics  le 
traced. 

In  following  the  development  of  Japanese  mathematics  we  meet  with  the  sur- 

Eiising  fact  that  to  the  tide-like  advance  of  mathematics  in  Jopan  from  the  second 
alf  of  the  seventeenth  century  onwards,  nearly  equivalent  in  the  importance  of  its 
results  to  contemporary  Occidental  mathematics,  there  corresponds  no  activity  to 
be  compared  to  that  which  existed  in  the  Occident  in  the  eighteenth  century,  led 
by  the  incomparable  Leonard  Euler. 

The  concession  of  independent  work  to  the  old  Japanese  mathematicians  does 
not  exclude  every  Occidental — though  indirect— influence.  On  the  contrary,  since 
the  time  of  blossoming  of  the  Japanese  mathematics  coincided  with  an  active  state 
of  Dutch  trade,  which  in  1609  introduced  the  fruits  of  Occidental  civilisation  into 
Japan,  it  must  be  regarded  as  highly  probable  that  this  connection  called  to  life 
the  slumbering  inclination  to  the  mathematics  ond  paved  the  way  for  its 
development. 

I  conclude  these  remarks  with  the  affirmation  that  thd  Japanese  have  revealed 
by  their  own  efl'orts  in  the  arts,  as  has  been  long  known,  by  their  own  productivity 
in  the  mathematics,  as  we  have  just  now  seen,  and  probably  by  performances  in 
other  domains,  not  yet  accessible  to  foreign  investigation,  capabilities  quite  com- 
parable to  our  own.  And  we  are  entitled  to  conclude  that  Japan  will  in  future, 
with  the  highest  success,  play  her  part  in  the  eternal  work  of  civilisation  common 
to  all  nations,  independently  of  casual  political  conjunctures  which  the  day  creates 
and  the  day  deetroj^s. 
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THURSDAY,  AUGUST  XV 
The  following  Papers  were  read : — 
1.  On  Star  Streaming.   By  Professor  J.  C.  Kaptkyn.— See  Eeports,  p.  257. 


2.   TJie  Magnetic  Survey  of  South  Africa. 
By  Professors  J.  C.  Beattie  and  J.  T.  Morrison. 

A  survey  of  South  Africa  was  started  by  Professors  Beattie  and  Morrison  in 
the  summer  of  1897-1896. 

The  observational  work  has  been  carried  on  since  that  time  whenever  opportunity 
offered ;  naturally  it  was  greatly  interfered  with  by  the  war.  Soon  after  the 
declaration  of  peace  the  various  South  African  Governments  each  contributed  to 
a  fund  for  paying  the  expenses  of  a  field  party  for  a  Year's  continuous  work. 
This  party  observed  during  the  whole  of  1903  and  part  of  1904. 

Financial  assistance  has  also  been  received  from  the  Government  Grant  Com- 
mittee of  the  Royal  Societv. 

The  necessary  observations  have  been  made  at  about  400  stations,  distributed 
chiefly  along  the  various  railways  in  Gape  Oolonv,  Rhodesia,  the  Transvaal,  the 
Orange  River  Colony,  and  Natal,  in  the  south  or  Cape  Colony,  the  east  of  the 
Transvaal,  the  Basutoland  border,  and  the  north-west  of  Cape  Colony. 

Obeervations  have  been  repeated  at  twenty  widely  separated  stations  for  the 
purpose  of  determining  the  secular  variations  of  the  elements. 

The  annual  and  the  daily  observations  have  been  derived  from  the  earlier  work 
of  Sabine  in  South  Africa. 


3.  The  Radio-activity  of  Ordinary  Matter.^    By  A.  Wood,  A4.,  B.Sc 


4.  I'hermal  Radiation  at  Very  Low  Temperatures,     By  J.  T.  Bottomlet, 
LL.D.,  D.Sc.,  F.R.8. 

The  experiments  described  in  this  paper  form  part  of  an  investigation  on  which 
the  author  has  been  engaged  for  some  time  past.  The  object  of  this  investigation 
is  the  direct  determination,  in  absolute  measure,  of  the  loss  of  energy  from  a 
heated  body  to  cooler  surroundings  under  differintr  circumstances  as  to  (1 )  the 
dimensions  of  the  cooling  body  ;  (2)  the  state  of  the  surfaces  of  the  cooling  oody 
and  of  the  containing  envelope ;  and  (3)  the  mean  absolute  temperatures  of  the 
cooling  body  and  the  envelope.  Several  papers  have  already  been  published  by 
the  author  on  this  subject,  some  of  them  communicated  to  Section  A  of  the 
British  Association ;  and  when,  through  the  extreme  kindness  of  Lord  Blythsi- 
wood,  an  unlimited  supply  of  liauid  air  was  placed  at  the  author's  disposal,  to  be 
followed  by  a  supply  of  liquid  nydrogen,  it  seemed  most  desirable  to  extend  the 
research  in  the  direction  indicated,  and  to  determine,  in  absolute  measure,  the 
radiation,  under  given  circumstances,  from  a  body  at,  say,  ordinary  atmospheric 
temperature,  to  an  enclosure  at  a  temperature  which  may  perhaps  approximate  to 
that  of  space.  So  far  as  is  known  to  the  author  nothing  of  this  kind  has  hitherto 
been  attempted. 

The  following  is  a  general  description  of  the  apparatus  used.  At  the  centre  of 
a  hollow  sphere  of  copper,  the  interior  surface  of  which  has  been  coated  with  a 

■  See  PhUotogfhieal  Magazine,  ix.  1905,  p.  5&0. 
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thin  coveriD^  of  fine-mined  lampblack^  a  copper  globe,  from  which  the  radiation 
takes  place,  10  suspended.  The  copper  globe  is  5  centimetres  in  diameter,  while 
the  diameter  of  the  envelope  is  10  centimetres.  In  the  experiments  carried  out  at 
low  temperatures  up  to  the  present  the  surface  of  the  hanging  globe  has  been  either 
coated  with  a  verj  fine  covering  of  lampblack,  or  else  silvered  electrolytically 
and  polished  to  the  highest  degree  attainable.  The  polish  is  very  much  better 
than  even  the  mirrored  surface  obtained  by  silversmiths,  and,  as  formerly  shown, 
the  degree  of  polish  makes  a  very  great  difi'erence  to  the  result. 

The  enclosing  copper  envelope  is  connected  to  a  pair  of  five  &11  Sprengel  pumps, 
and  the  following  results  have  oeen  obtained  at  pressures  *  not  greater  than  0*1  m. 
or  0*2  m.  (one-tenth  or  two-tenths  of  a  miUionth  of  an  atmosphere). 

When  the  vacuum  is  complete  the  enclosure  is  cooled  down  by  the  application 
around  it  of  a  bath  of  liquid  air,  contained  in  a  Dewar  double- walled  vessel. 
Under  these  circumstances  the  suspended  globe,  which  at  the  beginning  is  at  the 
general  temperature  of  the  laboratory,  cools  by  radiation.  The  cooling  process  is 
carried  on  K>r  some  hours ;  and  during  the  earlier  part  of  this  time  the  aifference 
of  temperatures  of  the  cooling  globe  and  the  enclosure  is  read  off  by  means  of  a 
pair  of  thermo-electric  iunctions,  one  of  which  is  at  the  centre  of  the  globe  ^  and 
the  other  immersed  in  the  liquid-air  bath.  The  readings  are  taken  by  means  of  a 
suitable  moving  coil  galvanometer,  at  equal  intervals  of  time,  given  by  a  chrono- 
meter which  beats  half-seconds.* 

When  the  temperature  of  the  globe  has  been  reduced  nearlv  to  the  temperature 
of  the  surroundings — that  is,  nearly  to  the  temperature  of  the  liquid-air  bath,  a 
process  which,  with  the  high  vacuum  mentioned  occupies,  as  has  been  said,  many 
hours — the  conditions  are  reversed.  The  liquid  air  surrounding  the  outer  envelope 
is  replaced  by  hot  water,  or  hot  oil,  and  the  hanging  globe  begins  to  receive  beat, 
by  radiation,  from  the  surrounding  waUs.  The  reading  of  the  galvanometer,  con- 
nected with  the  thermo-electric  couple,  taken  at  equal  intervals  of  time,  gives 
once  more  the  difference  of  temperature  between  the  globe  and  the  surrounding 
envelope. 

From  the  readings  thus  taken  the  rate  of  cooling,  or  the  rate  of  heating,  of  the 
globe. is  calculated;  and,  finally,  the  absolute  loss  (or  gain)  of  heat  per  unit  of 
cooling  surface,  ner  unit  difference  of  temperatures  of  cooling  surface  and  surround- 
ings, per  unit  or  time,  is  obtained. 

The  method  of  standardising  the  thermo-j  unction  need  not  be  discussed  in  this 
abstract,  although  it  is  not  devoid  of  interest.  It  was  explained  fully  in  the  paper. 
Neither  is  it  necessary  to  go  at  length  into  details  of  the  calculations.  It  will  be 
sufficient  here  to  give  the  resulta  of  the  experiments,  remarking  at  the  same  time 
that  the  work  is  by  no  means  concluded. 

In  a  paper  communicated  to  the  Royal  Society  in  1893,  and  published  in  the 
'  Philosophiod  Transactions,'  the  results  are  given  of  experiments  carried  out  in 
an  exactly  similar  way  to  that  described  almve.  The  same  copper  globes  were 
used  as  the  cooling  bodies,  and  the  same  spherical  shell  as  the  envelope.    The  only 

Eractical  difference  between  those  experiments  and  these  now  described  is  that  the 
Uter  were  carried  out  at  the  lowest  temperatures  the  author  could  reach,  and  the 
former  at  the  highest.  The  latter  are  near  the  temperature  of  liquid  air,  and  the 
earlier  at  som%  three  or  four  hundred  degrees  higher  in  the  scale.  The  results  of 
the  two  series  of  experiments  are  thus  exactly  comparable. 

■  It  is  difficult  to  maintain  these  extremely  low  pressures.  The  application  of 
the  intense  cold  of  the  liquid  air  to  the  copper  shells,  which  constitute  the  enclosure, 
causes  them  to  warp,  and  develops  frequently  an  excessively  minute  leak,  which  causes 
a  very  slight  rise  of  pressure.    This  curious  phenomenon  needs  investigation. 

*  Many  important  details  of  similar  experiments  are  given  in  a  paper  communi- 
cated some  years  ago  to  the  Royal  Society's  Philoaophical  Tremsactions. 

'  It  has  been  shown  in  previous  papers  that  the  difference  of  temperatures  (under 
present  circamstances)  between  tbe  centre  of  the  cooling  globe  and  the  surface  is  so 
small  that  it  may  be  neglected,  and,  this  being  the  case,  it  is  obviouMy  better  to  put 
the  JuDOtion  at  tiie  centre  of  the  globe  than  at  any  other  point  of  it. 
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The  following  tables  give  some  of  the  results  obtained  : — 

Capper  Globe  Thinly  Sooted, 
Apnl  8, 1890  |  May  81, 1905 


'      Absoluio 
Tcmperalura 

of  Cooling 
'        Globo 


505-6 
482*3 
4681 
4339 
4221 
411-9 
402-8 
3IM-6 
387-4 
380-9 
374-9 
369  4 
355- 1 
351-2 


PresRuro       m. 
5-1 

Excess  of 

I  Tempcratare 

of  Cooling 

Globe  above 

Temperature 

of  Snrroand-  I 

inga 


Prossuro  5*8  m.  (somewhat  variable) 


EmiasivityjOr 

Loss  of  Heat  1 

per  sq.  cm.    i 

per  second    \ 

per  1°  C.  of   !| 

Excess        I 


217-5 

194  3 

168  1 

1459 

1341 

123  9 

lU-8 

106-6 

994 

92-9 

809 

81-45 

67  I 

63-2 


2  23x10-* 

200       „ 

1-78 

1-63 

1  52 

M4 

1-42 

1-36 

1  27 

1-29 

120 

122 
I  115 
I    107 


Absolute 

Temperature 

of  Cooling 

Globe 


246-4 
2224 
2061 
193-6 
183  3 

I7i-n 

167-3 
160-2 
151-8 
144-3 
137-8 
132  5 


Excess  of       ^    '    '  'A 
of  Cooung 


Globe  above 
Temperature 
of  Surround- 
ings 

165-4 
141-4 
1251 
112-6 
102  3 

93  6 

863 

79-2 

70-8 

633 

66-8 

616 


Loss  of  Heat  < 
per  sq.  cm.    1 
per  second     ; 
per  l**  C.  of 
Excess 


0  57x10-5 

9-17 

878 

8-38 

7-99 

7-59 

7-20 

6-80 

6-21 

5  61 

563 

564 


Copper  Globe  Siloered  and  Highly  Polished, 
April  14, 1 890  1 1  July  20, 1905 


Pressure  at  Commencement  10  m.  to  12  m., 
coming  down  rapidly  to  less  than  ^f,  m. 


Pressure  O'l  m. 


Absolute 

Temperature 

of  Cooling 

Globe 


I 


I     Excess  of 

Temperature 

of  Cooling 

,  Globe  above  I 

j  Temperature 

I  of  Burronnd- 

ings 


Emissivity,  or 

Loss  of  Heat 

per  sq.  cm. 

per  second 

per  1°  C.  of 

Excess 


Absolute 

Temperature 

of  Cooling 

Globe 


I     Excess  of 
I  Temperature 
of  Cooling 
Globe  above 
Temperature 
I  of  Surround- 
ings 


Emissivity,  or 

Loss  of  Heat  ' 

per  sq.  cm. 

per  second 

per  1®  C.  of 

Excess 


5265 
519-4 
613-2 
508-3 
504-7 
497-4 
494-4 
491-7 
488  9 
484-2 
481-9 
479-6 
4776 
4737 
469-9 
465-9 
462-6 
460-9 
453-9 


2405 
2334 
227-2 
222-3 
218-7 
211-4 
208-4 
205-7 
2029 
198-2 
195-9 
193-6 
191-5 
187-7 
1839 
179  9 
176-6 
174-9 
167-9 


'    5-58  X  10-5 

2900 

2110  C. 

4-502  X  10-«  1 

'    6  10       „ 

287-5 

2085            4-47        „ 

!    4-06       „ 

2861 

206-1             4-46       „ 

3-07       „ 

282-7 

203-7            4-42 

:   2-68       „ 

2804 

201-4            4-39 

,    2-64       „ 

2782 

199-2          1  4  36 

1    255 

::76-0 

1970            4-34 

2  59 

273-8 

194-8            431 

2-59 

271-8 

192-8            4-28 

2-16 

2697 

190-7            4-25 

;   2-25 

267-8 

188-8         ,  4-23 

'   1-95 

265-9 

186-9          1  4-20 

1    164 

264-1 

185-1            417 

1-73 

263-2 

184-2         !  416 

1-36 

261-5 

182-6            4 13 

1-77 

260  0 

1810         '  4-01 

1-90 

1 

1-90 

1-92               1 
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5.  A  Simple  Form  of  G(m  Ther¥nometer, 
By  J.  T.  BoTTOMLEY,  LL,D.,  D.Sc,  F.E.S. 


6.  T/ie  Diminution  of  Entropy  (According  to  the  Kinetic  Theory  of  Gases. 

By  S.  H.  BuRBURY,  F.R,S. 

If  the  motion  of  the  several  parts  of  a  material  system  are  dynamically  reversible, 
is  it  possible  for  the  motion  of  the  aggregate  to  be  irreversible  ?  Many  authorities 
will  answer  Yes,  relying  on  Boltzmann*s  U  theorem  as  a  classical  instance.  Accord- 
ing to  that  theorem,  H,  a  function  of  the  molecular  velocities,  necessarily  diminishes 
until  a  certain  condition  (MaxwelFs  law)  is  attained,  and  is  then  minimum. 

The  proof  rests  on  the  assumption  of  independence — that  is,  that  the  chance  of 
any  molecule  having  assigned  velocities  is  independent  of  the  velocities  and 
positions  of  all  the  other  molecules  for  the  time  being. 

To  this  theorem  the  objection  is  made :  If,  when  in  this  process  II  has  become 
minimum,  all  the  velocities  were  reversed,  the  svstem  must,  by  the  continuity  of 
the  motion,  retrace  its  course,  passing  through  all  the  states  of  the  original  course 
in  the  reverse  order,  with  H  increasing.    This  is  contrary  to  the  theorem. 

The  accepted  explanation  of  the  paradox  is  that  the  reverse  course,  though 
possible,  is  very  improbable.  This  virtually  admits  irreversibility.  And  the 
theory  is  widely  accepted  that  increase  or  diminution  of  entropy  is  a  question 
only  of  greater  or  less  probability. 

But  now,  U  being  minimum,  consider  two  states  of  the  system :  state  A,  in 
which  the  velocities  are  tt,  .  .  t«„,  and  B,  in  which,  cceteris  paribus^  they  are 
—  u^  .  .  .  -  tfn.  If  A  is  the  end  of  a  course  of  diminishing  H,  B  is  the  beginning 
of  a  reversed  course  of  increasing  H.  But  (1)  we  cannot  give  any  plausible  reason 
why  B  or  A  should  be  the  more  probable,  except  the  petitio  principii  that  the  one 
which  leads  to  increase  of  H  is  the  less  probable. 

(2)  According  to  MaxwelFs  law,  wnich  is  supposed  to  prevail,  A  and  B  are 
equally  probable.  With  great  reluctance  to  differ  from  hign  authorities,  I  think 
that  the  orthodox  explanation,  with  all  its  consequences,  is  erroneous. 

We  have  obtained  for  the  system  first  one  and  then  the  other  of  two  incon- 
sistent results,  because  we  have  ascribed  to  the  system  first  one  and  then  the  other 
of  two  inconsistent  properties.  Assuming  the  condition  of  independence,  we  prove 
that  II  diminishes.  Assuming  the  continuity  of  the  motion,  we  prove  that  for 
every  course  in  which  it  diminishes  there  is  one  in  which  it  increases.  The  con- 
clusion is  that  the  condition  of  independence  is  inconsistent  with  continuity  of  the 
motion,  and  ought  to  be  abandoned  altogether. 

The  physical  result  is,  I  think,  this:    When  H  is  near  its  minimum   '   - 

is  extremely  small.      When  H  differs  much  from  its  minimum        ~  is  gene- 

dt 
rally  great.     H  will  be  on  average  of  time  generally  near  its  minimum,  sub- 
ject to  short  excursions  into  higher  values.     In  the  meantime,  to  any  natural 

system  disturbances  frequently  happen.    The  improbability  consists,  not  in  - 

dt 
being  positive,  but  in  the  system  remaining  undisturbed  sufficiently  long  for  H  to 
attain  sensibly  higher  value.    There  is  nothing  irreversible  about  the  matter. 

The  diffusion  of  gases,  a  process  apparently  irreversible,  can  be  treated  in  an 
analogous  manner.  

7.  The  Daily  Variation  of  the  Northerly  (X)  aiid  the  Easterly  (Y)  Com- 
ponents of  the  Magnetic  Intensity  at  Capetown^  St,  Helena,  and 
Mauritius,    By  Professor  J.  C.  Beattib,  D^Sc, 

From  Sabine's  results,  published  in  the  volumes  of  the  Magneticaland  Meteoro- 
logical Observations  for  the  Cape  of  Good  Hope  and  for  St.  Helena,  and  for 
Mauritius  ('Magnetical  Observations,'   1875-1897,  by  T.  F.  Claxton),  the  daily 
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variations  of  X  and  of  Y  an  calculated  and  tabuUted  for  each  hour  of  the  day  for 
the  different  months  of  tbe  year.  These  are  then  oomhined  into  four  periods — 
31arch -April,  May- August,  iSeptember-Octohcr,  and  November-February. 

The  values  of  the  latitudes  of  these  three  stations  are  added  and  divided  bj 
three,  and  the  same  is  done  for  the  longitudes ;  this  gives  the  latitude  and  tbe 
longitude  of  a  mean  station  whose  daily  variations  of  X  and  of  T  at  any  hour  are 
obtained  by  tdilng  the  algebraic  mean  of  the  variations  at  the  three  stations  at 
the  same  hour. 

The  latitude  and  the  longitude  of  tbe  three  stations  relative  to  the  mean  station 
are  then  obtained,  and  the  variations  at  any  station  for  a  particular  hour  expressed 
in  an  equation 

AX, »  aX«  +/  (lat.  ^)  -{-g  (long. «,) 

where  AX«  is  the  variation  of  X  at  a  particular  hour  of  Qreenwich  mean  time  at 

any  station, 

A  Aw  is  the  variation  of  X  at  the  same  hour  of  Greenwich  mean  time  at  tbe  mean 

station. 

/  (latiw)  is  a  function  of  the  latitude  of  the  station  with  respect  to  the  mean 
station. 

/  (long.  M,)  ifi  a  function  of  the  relative  longitude  of  the  same  station  with 
respect  to  the  mean  station. 

The  values  of  aX  and  of  AY  are  then  obtained  at  the  intersection  of  alternate 
degrees  of  latitude  and  of  longitude. 

The  integral 

taken  round  a  closed  curve  then  gives  the  value  of  the  vertical  current  perpen- 
dicular to  tbe  enclosed  area,  which  would  account  for  the  variations  of  the  X  and 
the  Y  as  tbey  are  given  by  the  interpolation  formula. 

The  value  of  this  current  is  tabulated  for  each  hour  of  the  day,  and  tbe  results 
shown  in  maps. 


FRIDAY,  AUQU8T  18. 

The  following  Papers  were  read  :— 

1.  Geodetic  and  Gravitational  Ohservatiom  in  Spitzbergen. 
By  Dr.  O.  Backlukd. 


2.  On  the  Theory  of  Algol  VcuriabUs,^     By  J.  H.  Jeaks. 


3.  Double  Star  Astronomy  in  the  SoutJiem  Hemisphere, 
By  R.  T.  A.  Innbs,  F.B.S.E. 

This  paper  briefl  v  recapitulated  the  work  done  in  the  past  in  the  discovery  and 
measurement  of  double  stars  in  the  Southern  Hemisphere.  The  systematic  double 
star  survey  of  the  Northern  Hemisphere  and  that  portion  of  the  Southern  visible 
from  California,  now  being  carried  on  at  the  Lick  Observatory  by  Professors 
Aitken  and  Hussey,  was  referred  to.  The  desirability  of  providing  a  telescope  of 
24  or  25  inches  aperture  to  continue  this  survey  to  the  Siouth  Pole  was  pointed 
oat.  

■  See  Attrophytieal  Journal^  September  1905. 
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4.  On  Lunar  Radiation.    By  the  Earl  op  Bossb,  K.P.,  F,R,S. 

In  tbU  paper  the  author,  after  recapitulating  briefly  the  leading  points  and  results 
of  determinations  of  lunar  radiation  made  at  difl'erent  ages  of  the  moon,  more  fiiUj 
described  in  '  Proc.  Roy.  Soc/  1809  and  1870,  and  '  Phil.  Trans/  1873.  also  of 
measurements  of  heat  auring  lunar  eclipses  (see  '  Trans.  Roy.  Dublin  Soc.'  1885 
and  1891),  made  some  suggestions  for  future  work  with  specially  made,  but  simple 
and  cheap,  apparatus,  also  for  prosecuting  the  inquiry  in  better  climates  than  that 
of  the  United  Kingdom. 

He  further  suggested  co-operation  between  workers  at  widely  different  lati- 
tudes and  longitudea,  so  that  eyery  eclipse,  whether  occurring  during  the  northern 
winter  or  southern  winter  season,  may  be  equally  well  obseryed,  during  the  whole 
of  its  progress,  under  equally  favourable  conditions,  at  one  or  other  of  the 
stations. 

He  also  discussed  different  modifications  both  of  the  heat-collecting  and  heat- 
detecting  appliances. 


5.  A  New  InUrument  for  Mecauring  Stellar  Photographs. 
By  Arthur  A.  Rambaut,  M,A,y  D.Se.,  F.E,S. 

The  instrument  recently  constructed  by  Sir  Howard  Grubb,  F.R.S.,  for  the 
Radcliffe  Observatory,  Oxford,  which  is  the  subject  of  this  note,  is  designed  for  the 
purpose  of  measuring,  with  all  available  precision,  the  position  of  a  star-image 
with  regard  to  the  r^seau  square  within  which  it  falls,  the  r^seau  being  impressed 
photographically  on  the  plate  in  the  usual  way  before  development.  In  what 
follows  this  r6seau  is  referred  to  as  the  '  black '  r^seau. 

Externally  the  instrument  somewhat  resembles  that  constructed  by  Messrs. 
Repsold  for  the  Cape  Observatory,  and  described  by  Sir  Dayid  Gill  in  the 
<  Monthly  Notices '  K. A  S.,  vol.  lix..  No.  2.  It  differs,  however,  from  the  latter  in 
many  essential  details. 

The  base  of  the  instrument  is  a  mas^ye  iron  casting,  the  plane  top  of  which  is 
inclined  at  an  angle  of  45^  to  the  horizon.  The  photographic  plate  is  carried,  as  in 
the  Cape  instrument,  on  two  slides  running  on  two  mutually  perpendicular  steel 
cylinders.  The  movement  of  the  slide  is  in  each  case  effected  by  means  of  a  rack 
and  pinion,  and  each  cylinder  has  attached  to  it  a  scale  divided  to  5  mm.,  and 
numbered  to  correspond  with  the  r^seau  lines  on  the  plate.  An  adjustment  is 
provided  by  which  the  r^aeau  lines  may  be  placed  with  great  delicacy  exactly 
parallel  to  the  axes  of  the  cylinders.  The  instrument  will  measure  plates  up  to 
12  inches  square. 

The  microscope,  which  is  of  a  noyel  construction ,  is  carried  by  a  strong  cast- 
iron  tribrach,  supported  on  pillars,  as  in  the  Gape  instrument.  It  consists  of  a 
central  cube,  D,  into  three  sides  of  which  are  screwed  brass  tubes  carrying  three 
objectives,  A,  B,  and  0.  At  the  centre  is  fixed  a  cube  of  glass  composed  of  two 
parts,  each  of  which  is  a  right-angled  prism.  The  face  opposite  the  right  angle  of 
one  of  these  prisms  is  coated  by  a  special  process  with  a  thin  film  of  galena,  and 
the  two  prisms  are  then  cemented  together  so  as  to  form  a  cube.  The  two  obiec- 
tivea,  A  and  B,  together  form  a  doublet  lens,  the  light  from  any  point  of  the  plate 
passing  from  one  to  the  other  in  a  parallel  beam.  Any  colour  effect  due  to 
refraction  at  the  surfaces  of  the  cube  is  thus  avoided. 

In  the  focal  plane  of  the  objective  0  is  a  small  r^seau  ruled  on  a  silyered  glass 
plate,  which  is  movable  on  slides  at  right  angles  to  each  other  by  means  of 
micrometer  screws.  The  objectiyes  B  and  0  together  also  form  a  doublet  lens, 
the  light  being  reflected  as  a  parallel  beam  from  the  galena  surface.  The  small 
r6seau  is  thus  seen  projected  on  the  plate,  and,  |ks'  the  lines  appear  bright,  it  is 
conyenient  to  refer  to  it  as  the  '  white  r^seau^  There  are  adjustments  for  setting 
the  slides  parallel  to  the  lines  of  the  r^seau  and  for  setting  the  micrometer  as  a 
whole,  so  that,  as  seen  in  the  eyepiece,  either  system  of  lines  in  the  white  rdseau 
may  appear  exactly  parallel  to  the  corresponding  system  in  the  black  rteeau. 
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The  white  r^seau  contains  sixteen  lines  in  each  direction  (flfleen  spaces),  the 
outer  lines  forming  a  square  which  just  fills  ooe  of  the  squares  of  the  black  r6deau. 
Since  a  black  rSseau  interval  (6  ram.)  corresponds  to  an  angle  of  160^''  in  the 
RadclifTe  telescope,  it  follows  that  a  white  r^seau  interval  is  equal  to  10'^  The 
pitch  of  the  micrometer  screws  is  equal  to  one  white  r^seau  interval,  i,e,  10",  and 
the  heads  being  divided  into  100  parts,  which  are  read  by  estiraation  to  tenths,  a 
unit  in  the  last  figure  is  equivalent  to  O^'-Ol. 

The  eyepiece  is  carried  on  two  slides  at  right  angles  to  each  other,  so  that  any 
object  can  be  brought  rapidly  into  the  centre  of  the  field  of  view. 

When  a  plate  is  inserted  in  the  machine  the  preliminary  adjustments  of 
focussing,  bringing  the  lines  of  the  black  r^seau  parallel  to  the  slides,  and  those  of 
the  two  r^seaux  into  sensible  parallelism,  can  be  eflfected  in  two  or  three  minutes 
by  means  of  the  adjusting  screws  provided  for  that  purpose.  These  adjustments 
having  been  satisfactorily  completed,  the  observations  for  measuring  the  position 
of  a  star-image  with  regard  to  the  r^seau  square  in  which  it  lies  are  as  follow  : 
By  means  of  the  racks  the  black  nSseau  is  set  so  as  to  coincide  approximately  with 
the  white.  Using  the  micrometer  screws  three  comers  of  the  white  r^seau  are 
then  brought  in  succession  to  coincide  exactly  with  the  corresponding  comers  of 


the  black  r^seau.  As  the  white  lines  are  considerably  thinner  than  the  black,  and 
appear  neat  and  sharp  when  projected  on  the  somewhat  softer  black  lines,  this  is 
an  observation  which  can  be  made  with  very  great  delicacy.  From  a  large  number 
of  observations  the  probable  error  of  a  single  setting  of  this  sort  was  found  to  be 
±0^002=  ±0''-02. 

The  comers  of  the  square  being  numbered  in  rotation  0, 1,  2,  3,  beginning  at 
the  left-hand  bottom  corner  and  going  round  in  an  anti-clockwise  direction,  three 
pairs  of  readings  of  the  horizontal  and  vertical  micrometer  screws  are  taken 
corr^ponding  to  the  comers  0,  1,  and  3,  which  may  be  denoted  by  h^  Vq\  A^,  v,  ; 
^3*  V3,  r^^ctively.  If  the  star-image  lies  between  the  mth  and  (m  +  l)w  vertical 
lines,  andB^ween  the  wth  and  (n  +  l)th  horizontal  lines,  the  intersection  of  the  mth 
and  Tith  linesSiSLmftde,  by  means  of  the  micrometer  screws,  to  coincide  with  the 
centre  of  the  star^N3^e»  >^nd  the  readings  h  and  v  of  the  two  screws  are  taken. 
If,  then,  we  t^ke  aTTSniNii®  ^^e®"^^  P*^t  of  a  black  r^seau  interval  (10" 
approximately),  and  if  the  valuSlof  ^^®  micrometer  screws  are  l-p  and  1— y 
respectively,  when  expressed  in  tert^^  ^^  *  white  r^seau  interval  (so  thatp  and  q 
are  very  small  quantities),  and  if  we\P^^ 
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the  coordinates  of  the  star^mage  referred  to  the  black  r^eau  may  be  represented 
by  the  following  simple  expressions : — 

where  the  numerical  yalue  of  the  quantities  f  and  rj  cannot  in  any  case  exceed  15. 
Also  h-hofV  —  v^  will  always  be  less  than  Unity,  and  none  of  the  quantities  p,  q, 
hi  -  Aq,  vi  —  Wy,  A3  -  h^yt  and  v^  -  v^,  will  ordinarily  exceed  more  than  a  few  units  in 
the  third  place  of  decimals.  The  reduction  is  therefore  of  a  very  simple  character. 
These  formulos  take  account  of  the  *  run '  of  the  screws,  a  possible  error  of  inclina- 
tion of  the  two  systems  of  lines,  a  possible  inequality  between  the  horizontal  and 
vertical  scales  of  the  white  r^au,  and  an  inequality'  in  size  between  the  black  and 
the  white  r^au  squares.  They  do  not  correct  for  errors  of  division  of  either  r^eau 
nor  for  a  possible  error  of  inclination  in  the  lines  of  the  black  r^seau.  Errors  of 
division,  if  sensible,  must  in  all  cases  be  applied  separately  to  the  orinnal 
measures.  The  errors  of  division  of  the  white  r<5seau  do  not  affect  the  readings 
h^  VqI  Aj,  Vj  ;  nor  A,,  v,,  since  we  are  of  course  at  liberty,  when  determining  them, 
to  make  the  errors  of  the  extreme  lines  zero.  But  tliey  do  affect  A  and  v.  They 
may,  however,  bo  very  simply  tabulated  with  m  or  n  as  argument.  On  the  other 
hand,  if  the  errors  of  the  black  r<5seau  are  sensible  they  must  be  applied  to  the 
readings  A,^,  v^,  &c.,  and  with  these  corrections  our  measures  will  then  be  referred 
to  an  ideally  perfect  r^seau. 

In  the  method  of  measurement  here  described  the  following  advantages  are 
claimed : — 

n)  No  absolute  perfection  nor  constancy  in  the  adjustments  is  postulated.  If 
the  lines  of  the  black  and  the  white  r<$seaux  are  not  absolutely  parallel,  or  if  the  two 
squares  are  not  exactly  the  same  size,  the  errors  thus  introduced  are  completely 
corrected  by  the  third  and  fourth  terms  on  the  right  of  equation  (a). 

(2)  The  sharp  bright  lines  of  the  white  r^seau  can  be  set  with  remarkable 
accuracy  on  the  black  r^seau  lines  or  the  black  star-images. 

(3)  The  measures  are  referred  to  the  intersections  only  of  the  lines  of  the  black 
r^au.  This  has  the  double  advantage  that  these  arc  the  very  points  for  which 
the  errors  of  the  rdseau  are  determined,  and  that  when  these  intersections  only  are 
required  the  rest  of  the  rdseau  might,  if  desired,  be  completely  masked  out  in 
printing. 

(4)  The  principal  advantage,  however,  lies  in  the  reduction  wliich  is  effected 
in  the  number  of  settings  when  more  tha^  one  star-ima;j[e  falls  within  a  r^seau 

Ssauare.  With  a  simple  eyepiece  scale  subdivided  by  micrometer  screws,  as  em- 
toyed  at  Cambridge  and  other  places,  six  settings  are  tlio  minimum  required  to 
etermine  the  position  of  each  individual  star-image.  Thus,  if  there  are  fifty 
stars  within  the  square,  at  least  300  settings  must  be  made.  In  the  same  case, 
with  the  Oxford  instrument,  only  106  are  required.  The  enormous  advantage  thus 
gained  in  measuring  plates  with  large  numbers  of  stars  upon  them  is  obvious. 
Plates  of  the  size  used  in  the  astrographic  survey  contain  900  r6seau  squares.  A 
rich  plate  may  easily  aflbrd  9,000  stars,  or,  on  the  average,  ten  per  square.  To 
determine  the  position  of  each  of  these  without  duplicating  any  of  the  measures 
would,  with  the  Cambridge  type  of  instrument,  entail  900  x  (K)  -=  64,000  settings. 
With  the  liadclifie  measuring  instrument  we  should  require  only  900  x  20  «  23,400, 
a  reduction  of  30,600  settings,  or  57  per  cent,  of  the  whole  1 
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6»  ItifU  on  frf^mm^  Ji[apieyn'§  Method  of  Dttetmining  SteUar  ParaU^ 
by  Means  of  Photography.     By  ARTHim  A.  Ramsaut,  M,A.^  D.Sc.^ 

Professor  Kapteyn^s  method  is  described  in  Pari  I.  of  the  publications  of  the 
Astronomical  Laboratory  .of  Groningen.  Instead  of  exposing  the  9ame  plate  at  or 
near  three  successive  epochs  of  maximum  parallactic  displaoementy  as  Kapteyn 
requires,  it  is  proposed  in  this  paper  to  take  three  different  negatives,  which  may 
be  developed  in  the  ordinary  course  as  soon  as  convenient  after  exposure.  From 
each  of  these  n^adves  a  positive  is  piinted,  and  these  three  positives  are  trans- 
ferred again  to  a  single  final  negative. 

In  order  to  determine  the  probable  error  introduced  by  this  double  photo- 
graphic reproduction,  two  plates  were  compared,  each  containing  a  triple  photop«ph 
of  a  group  of  stars.  In  one  case  the  plate  was  exposed  in  the  telescope  uiree  tunes, 
in  rapid  succession,  to  the  same  region  of  the  sky,  the  telescope  being  sliflhtly  dis- 
placed between  ea<^  exposure.  In  the  other  a  negative  was  taken,  and  nrom  this 
three  separate  positives  were  made,  which  were  anerwards  transferred  to  a  single 
plate.  The  probable  error  of  a  single  measure  of  the  distance  between  two  images 
of  the  same  star  is  found  to  be  practically  the  same  for  both  plates.  This  result 
indicates  that,  so  far  as  these  observations  go,  the  probable  error  arising  from  the 
process  of  photographic  reproduction  is  practically  equal  to  the  probable  error  in 
the  position  of  a  star  image  due  to  coarseness  or  irregularities  in  the  film. 


7.  A  Comparison  of  the  Long-period  Eainfcdl  Records  at  Cape  Town  and 
Greenwich.    By  Hugh  Robert  Mill,  D.Sc 

A  cursory  examination  of  the  records  of  annual  rainfall  kept  from  1841  to 
1904  at  the  Royal  Observatory,  Cape  Town,  and  the  Royal  Observatory,  Greenwich, 
shows  a  general  similarity  in  the  recurrence  of  series  of  wet  and  dry  years,  not 
corresponding  to  definite  cycles,  but  occurring  in  irregular  spells  of  variable  length, 
separated  by  unequal  intervals.  The  total  annual  rainfall  at  the  two  stations  does 
not  differ  greatly,  but  the  range  is  greater  for  the  Oape  Observatory  than  for 
Greenwich,  as  shown  in  the  following  table : — 


A.  Mean 

B.  Wettest  year    .... 
0.  Driest      „        .        .        .        . 
D.  Wettest  three  consecutive  years 
B.  Driest       „  «,  », 

Difference  B^C. 

D-H).        .        .        . 


Gape 

Greenwich 

Cape 

Greenwich 

in. 

in. 

% 

% 

25-94 

2414 

100 

100 

41-08 

35-64 

158 

147 

17-07 

16-38 

66 

68 

B4-42 

30-01 

183 

124 

18-94 

20-71 

73 

86 

23-96 

19-16 

92 

79 

16-48 

9-30 

60 

38 

On  a  curve  smoothed  by  taking  the  mean  of  three  consecutive  years,  and 
plotting  it  on  the  place  of  the  central  year,  it  is  seen  that  the  wet  spell  1868- 
1862  and  the  dry  spell  1894-1901  were  common  to  both,  but  that  in  almost  all 
other  cases  a  wet  spell  in  the  Oape  peninsula  corresponded  to  a  dry  spell  in 
London,  and  viae  vena.  There  was  no  apj^rent  recurrence  at  regular  intervals, 
and  the  remarkable  flatness  of  the  Greenwich  curve  during  recent  years  had  no 
analogy  in  the  Oape  curve.  

8.  Tli>e  Effect  of  the  Sun-spot  Period  on  the  Daily  Vartation  of  the  Magnetic 
Elements  at  the  Cape  of  Good  Hope,     By  G.  H.  Fikcham,  B,A. 

Sabine's  results  at  the  Cape  of  Good  Hope  for  each  of  the  years  1842-1847  for 
declination,  horizontal  intensity,  and  vertical  intensity  have  been  used  to  determine 
the  daily  variations  in  absolute  units.  r^  ^  ^^T^ 
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'the  variation  is  then  assumed  to  depend  linearly  on  the  nutnW  ot  siln-spotSy 
ahd  the  foUowing  equation  used  to  separate  that  part  depending  on  the  sun-spots 
from  the  other  or  normal  part : — 

a  a  ai  -f  yo, 

where  a  is  the  total  daily  variation 

ct]  is  the  normal  aaily  variation 

tf  a  constant  proportional  to  the  spotted  surface  of  the  suo. 

a,  the  daily  variation  due  to  the  sun-spots. 


Con  the  JBafMs  Motion  through  Jiiher  affect  Material  Phetionvena  t 
By  Frofesaor  J.  Larmob,  Sec,  B.S. 


JOHANNESBURG. 

TtTESDA  r,  A  UO  U8T  29* 

The  foUowing  Papers  were  read  >-* 

1.  The  Origin  and  Progress  oj  Giiodetic  Surrey  in  South  Africa,  and  of  the 
African  Arc  of  Meridian.  By  Sir  David  Gill,  iT.C.A,  F.E,S.—See 
Beports,  p.  228. 


2i  On  Winding  Hopes  in  Mines.    By  Professor  JoHir  Pbrrt,  F.E.3. 

When  a  cage  is  descending,  and  the  upper  end  of  the  rope  is  suddenly  stopped, 
%hat  occurs  in  the  rone  P  And,  especially,  what  is  the  tension  at  the  upper  and 
lower  ends  P  The  solution  was  given  the  author  hy  Professor  LoVe,  and  was 
extended  hy  a  pupil,  Mr.  Richardson,  who  has  drawn  curves  for  a  giVen  case^ 
comparing  the  results  with  an  approximate  simple  solution.  I'hese  Curves  were 
exhioitedt  Because  internal  friction  and  vieldingnees  of  attachments  are  neglected 
In  the  Inatheliiatical  prohlem,  it  is  prohahle  Uiat  the  simple  solution  is  more 
correct  in  all  cases  where  the  calculation  is  important.  Reference  was  made  to  a 
paper  read  in  Section  G,  in  which  the  author  uasd  the  simple  solution,  and  proposed 
a  method  of  preventing  accidents  in  mines. 


|8.  On  the  Present  State  of  the  Lunar  Theory,  and  on  the  FomuUion  of  a 
New  Set  of  Lunar  Tables.    By  Professor  K  W.  BBOWKi  F.R.S. 


4.  7^  Value  of  the  Secular  Acceleration  of  the  Moon  deri^/rom  the 
Early  Eclipses  of  tJie  Sun,     By  £.  Nsvill. 


5.  On  the  Density  of  MaUer  in  Space.    By  B.  T.  A.  Innes. 

The  author  showed  that,  adopting  the  most  nrobahle  figures  for  (a)  the  numher 
of  molecules  in  a  cubic  centimetre,  (^)  the  numoer  of  stars  and  their  masses,  and 
(tf)  the  extension  of  the  luminiferous  ether,  the  density  is  of  the  order  of  one  molecule 
to  eveiy  800,000,000  cubic  centimetres  of  space. 
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6.  The  Distances  ofUie  Nearer  Fixed  Stars.     By  R.  T.  A.  Innbs. 

This  paper  gave  the  difltances  from  each  other  of  all  known  stars  which  fall 
within  a  limit  defined  by  a  parallax  of  0''*2. 


7.  A  Dry  Danidl  Pile.     By  J.  Bbown.  F.R,S, 

For  the  electrification  of  electrometer  needles  and  similar  purposes  it  seemed 
that  a  constant  dry  pile  would  be  useful.  To  test  such  a  pile,  constructed  on 
Banieirs  principle,  sheets  of  commercial  zinc  and  copper  9  in.  square  were  coated 
on  one  ^de  with  ^eets  of  twilled  cotton  fabric  (as  used  for  glass  cloths)  wet  with 
hot  10-per-oent.  solutions  respectively  of  zinc  sulphate  and  copper  sulphate. 
When  dry  these  were  built  up  m  the  appropriate  way  with  a  sheet  of  plain  blot- 
ting paper  between  each  pair  of  coatiogf^,  to  represent  the  Usual  porous  diaphragm, 
and  the  whole  compressed  in  a  screw  press  between  rubber  sheets  as  insulators. 

When  built  (February  1903)  the  E.M.F.  was  1  Daniell  per  cell  or  rather  more. 
It  then  dropped  to  a  steadyi  though  lower,  value  for  2^  years,  registering  O'OG  to 
0*9  Daniell  till  July  last,  when  it  was  0-9.  Thereupon,  on  dismounting  the  pile 
for  examination,  it  appeared  to  be  unchanged,  and  on  reforming  it  the  same  voltage 
was  given,  09.  After  febort-circuiting,  the  pile  recovered  its  E.M.F.  immediately. 
Of  course,  a  very  minute  current  only  passes  in  a  pile  of  this  kind,  the  resistance 
being  so  very  high. 

A  smaller  pile,  4  in.  by  4  in.  sheets — ^milar  in  other  respects,  except  that  the 
Cotton  sheets  were,  the  author  believed,  dried  before  placing  on  the  metals — ^gavo 
0'7  to  0*8  Daniell  at  first,  but  0*9  after  six  months.  A  similar  pile  with  blottinf^ 
paper  instead  of  the  cotton  fabric  gave  a  similar  initial  result,  but  was  not  tested 
further. 

Another,  in  which  the  copper  plate  wtis  replaced  by  copper  deposited  from 
copper  sulphate  solution  on  one  side  of  the  zinc,  then  washed  and  dried,  gave  about 
0-7  Daniell. 

The  advantages  of  this  pile  may  bo  considered  to  be  its  practical  constancy  for 
years,  its  ease  of  oonstru'jtion,  and  of  reconstruction  should  it  become  exhailsted. 


WEDNESDAY,  AUGUSTS, 
The  following  Reports  and  Papers  were  read : — 

1.  Report  of  Hie  Seismologica*.  Committee, — See  Reports,  p.  81. 


2.  Recent  Advances  in  Seismology,     By  John  Milne,  F.R.S, 

Modem  seismology  may  be  said  to  date  from  1880,  when  the  Seismological 
Society  of  Japan  was  founded.  In  the  t  wenty  volumes  issued  by  that  Society  will 
be  found  at  least  the  germs  of  nearly  all  the  inveiitigations  carried  out  since  that 
date.  Attention  was  first  directed  towaids  obtaining  instruments  which  would 
give  actual  measurements  of  earthquake  motion,  with  the  result  that  '  steady 
points '  were  devised,  and  are  now  in  use  throughout  the  world.  From  a  know- 
ledge of  the  actual  nature  of  earthquake  moliou  derived  from  the  use  of  these 
instruments  new  rules  and  formulie  for  the  use  of  engineers  and  builders  have 
been  established.  In  Japan  and  other  countries  these  nave  been  extensively  ap- 
plied in  the  construction  of  piers  for  bridges,  tall  chimneys,  walls,  ordinary  dwell- 
ing, embankments,  reservoirs,  &c.  Inasmuch  as  the  new  types  of  structures  haTe 
withstood  violent  earth- shakings,  whilst  ordinary  types  in  the  neighbourhood  have 
failed,  it  may  be  inferred  that  much  has  already  been  accomplished  to  minimiaa 
the  loss  of  lite  and  property. 

The  application  of  seismoraetrv  to  the  working  of  railways,  particularly  in 
Japan,  has  led  to  the  localisation  of  faults  on  lines  and  alterations  in  the  balancing 
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of  locomotives.    The  result  of  the  hitter  has  heeii  to  decrease  the  consumption  of 
fuel. 

Later  instruments  were  devised  to  record  earthquake  motion  which  cannot  he 
felt,  with  the  result  that  a  person  living,  in  any  one  part  of  the  world  can  record 
and  ohtain  definite  information  about  any  Im-f/e  earthquake  originating  even  as  far 
off  as  his  antipodes.  These  records  of  the  unfelt  movements  of  earthquakes  indi- 
cate the  time,  the  position,  and,  what  is  of  more  importance,  also  the  cause  of 
certain  cable  interruptions.  The  practical  importance  of  this  latter  information, 
especially  to  communities  who  may  by  cable  failures  be  suddenly  Isolated  from  the 
rest  of  the  world,  is  evident.  The  many  occasions  that  earthquake  records  have 
furnished  definite  information  respecting  disasters  which  have  taken  place  in  dis- 
tant countries,  correcting  and  extending  telegraph io  reports  relating  to  the  same, 
is  another  indication  of  the  practical  utility  ot  seismic  observations.  Seismograms 
have  frequently  apprised  us  of  sea  waves  and  violent  earthquakes  in  districts  from 
which  it  is  impossiole  to  receive  teleg^ms,  whilst  the  absence  of  such  records  has 
frequently  indicated  that  information  in  newspapers  has  been  without  foundation, 
or  at  least  exaggerated.  The  localisation  of  the  origins  of  these  world>«baking 
earthquakes,  besides  indicating  sub-oceanic  sites  of  geological  activity,  indicates 
positions  where  the  hydrogiapher  may  expect  to  find  unusual  depths.  They  have 
also  shown  routes  to  be  avoided  by  those  who  lay  cables. 

Seismograms  of  unfelt  movements  throw  light  upon  what  have,  up  to  recently, 
been  regarded  as  unaccountable  deflections  iu  the  f)hotograms  from  raagnetographs, 
barographs,  and  other  instruments  eensible  to  slight  displacements.  They  have 
also  explained  unusual  rates  in  certain  timekeepers. 

The  most  important  scientific  result  obtained  is  dependent  upon  observations 
on  the  rate  at  wnich  motion  is  propagated  in  varioos  directions  throughout  the 
world.  Until  these  observations  had  been  made  our  knowledge  respecting  the 
interior  of  the  earth  chiefly  related  to  its  density  and  temperature ;  now  we  know 
much  respecting  its  rigidity. 

The  general  result  of  incentives  which  had  their  origin  in  Japan  is  that  nearly 
every  civilised  country  in',  the  world  has  had  its  attention  directed  to  seismology, 
has  established  seismographs,  and  recognises  the  scientific  and  practical  importance 
of  a  new  science. 

3.  Report  on  the  Investigation  of  the  Upper  Atmosphere  hy  Means  of  Kites, 

See  Reports,  p.  81. 


Report  on  Meteorological  Observations  on  Ben  Kevis. 
See  Reports,  p.  77. 


5.  On  the  Teaching  of  Elementally  Mathematics, 
By  Professor  John  Pkbry,  F,R,S. 

6.  Report  on  Magnetic  Observations  at  Falmouth  Observatory, 
See  Reports,  p.  80. 

7.  The  Experimental  Foundatioris  of  the  l^heory  of  Heat  Conduction, 
By  Charles  H.  Lees,  D.Sc. 

The  author  reviewed  the  recent  experimental  work  which  has  been  done  on  the 
tubject  of  heat  conduction,  and  showed  that  the  weight  of  evidence  furnished 
thereby  is  in  favour  of  the  thermal  conductivities  of  many  bodies  decreasing  a^ 
\  be  temperature  increases.  ^^  ^  ^  ^t  ^ 
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8.  Meteorological  Notes  from  Natal  ObservcUor^. 
jBy  R.  Fermob  Rbndell,  B.A,,  F.E,A.S, 

Position  of  Observatory. — The  Observatory  is  situated  on  the  south-eaatera 
slope  of  a  low  range  of  hills  near  Darban,  about  two  and  a  half  milev  from  the 
sea,  and  at  a  height  of  about  260  feet  above  the  sea-level.  It  is  in  south  latitude 
29°  50'  46"'7,  and  in  east  longitude  2  hours  4  min.  1*18  sec.  from  Qreenwicb. 

Observations, — For  full  details  of  the  meteorolocfical  records  maintained  at  the 
Observatory  and  at  various  stations  throughout  tne  Colony,  reference  must  be 
made  to  the  yearly  reports  of  the  Government  astronomer. 

In  the  present  paper  an  endeavour  was  made  to  exhibit,  in  as  clear  a  form  as 
possible,  some  of  the  important  results  indicated  by  a  study  of  these  reports. 

The  continuous  records  now  being  obtained  are  already  of  considerable  value, 
and  there  can  be  no  doubt  that  they  will  steadily  increase  in  usefulness,  aa  the 
period  over  which  they  extend  becomes  longer,  especially  if  an  advance  is  also 
made  in  the  number  and  efficiency  of  observers  working  in  neighbouring  regions. 

RairifaU, — A.  table  was  given  showing  the  monthly  results  for  the  twenty-one 
years  1884-1904  inclusive.  The  annual  totals  were  also  shown,  and,  with  the  help 
of  charts  which  have  been  nrepared,  it  can  readily  be  seen  at  a  glance  how  far 
each  month  or  each  year  is  above  or  b^'low  the  average. 

A  further  tabular  statement  showed  the  number  of  days  on  which  rain  fell  during 
each  month  and  each  year. 

In  addition,  the  total  fall  for  each  winter  and  each  summer  has  been  ex- 
tracted, and  the  means  have  been  calculated. 

A  supplementary  table  gave  the  results  of  observations  made  at  the  Botanical 
Gardens  before  the  foundation  of  the  Observatory. 

The  continuous  record  is  thus  carried  back  to  the  beginning  of  the  year  1873. 

Tabulated  Records. — Under  the  heading  of  '  Annual  Summaries,'  the  follow- 
ing results  are  presented  in  tabular  form  for  the  twenty  years  1885-1904  inclu- 
sive : — 

1.  The  monthly  and  annual  means  of  the  standard  barometer  readings  taken 
daily  at  9  a.m.  and  at  3  p.m. 

2.  Similar  records  of  the  standard  thermometer  readings. 

3.  Monthly  and  annual  means  of  daily  records  of  maximum  and  minimum 
temperature  in  shade. 

4.  The  actual  maximum  and  minimum  temperature  recorded  in  each  month. 
6.  The  mean  amount  of  moisture  in  the  air. 

6.  The  average  force  of  the  wind. 
-    7.  The  average  amount  of  cloud. 

Following  the  annual  summaries  will  be  found  a  condensed  table  to  facilitate 
a  comparison  of  the  results  for  each  year.  By  its  means  the  character  of  any 
season  can  be  ascertained  at  once. 

The  maximum  and  minimum  readings  of  tlie  barometer  and  the  thermometer^ 
and  the  greatest  variation  of  temperature  in  one  day,  are  shown  for  each  year. 

In  most  respects  the  tables  given  explain  themselves ;  a  detailed  description, 
therefore,  seems  superfluous. 

As  an  example  of  a  typical  year,  a  full  record  of  the  dailv  observations  during 
1903  is  added.  This,  with  the  help  of  the  analysis  which  follows  it,  shows  clearly 
the  general  character  of  the  various  changes  which  occur  in  Durban  during  the 
course  of  a  year. 

Concluding  Remarks. — ^The  detailed  information  now  avidlable  as  to  climatic 
conditions  in  Natal  for  some  years  past  will  bear  upon  any  discussion  which  arises 
as  to  the  development  of  observing  stations  in  South  Africa. 

An  additional  importance  attaches  to  these  records,  as  a  connection  has  been 
traced  between  conditions  prevailing  in  South  Africa  and  those  in  Australia. 

Natal  observations  are  also  employed  in  the  investigation  of  the  flucti|ati<ms  oC 
rainfall  in  India. 


Digitized  by 


Googk 


TRANSACTIONS  OF  SECTION  A. 


HS 


^    9.  On  the  TnierpretaUon  of  Signs  in  the  FonmUm  of  Solid  Oeome^ry. 
By  Professor  R.  W.  Gbnbsb,  M.A. 

Let  the  unit  sphere  about  tke  origin  0  meet  the  rectangular  axes  of  reference 
in  X,  T,  Z,  and  let  OP,  OQ,  OR  be  any  three  radii  the  co-ordinates  of  whose 
extremities  are  (Ij,  «i|,  n,),  (/,,  m,,  n^),  (/,,  wij,  Wj). 

The  equation  to  the  plane  OQR  is 


Hence  the  determinants 


X   y    % 


andXria 


10   0 


have  the  same  or  opposite  agns  according  as  P  and  X  are  on  the  same  side  or 
oppoate  sides  of  OQH. 

1.  Let  P  and  X  be  on  the  same  side  of  OQR. 

Now  Li  is  twice  the  area  of  the  projection  of  OQR  on  the  plane  of  y%^  and  is 
positive  or  negative  aooording  as  rotation  from  OQ  to  OR  viewed  from  X,  and 
therefbre  aUofram  P,  is,  or  is  not,  in  the  same  sense  as  rotation  from  OY  to  OZ 
viewed  from  X.    Hence  we  have  the  same  condition  for  the  sign  of  ^. 

2.  Let  P  and  X  be  on  opposite  sides  of  OQR. 

The  signs  of  A  and  Li  are  opposite,  but  the  aspect  of  rotation  OQ  to  OR 
from  X  is  also  the  negative  of  that  from  P.     Hence  the  conclusion  is  the  same. 

It  is  easy  to  deduce  from  this  the  following  rule  for  the  sign  of  A,  or  of  the 
tetrahedron  OPQR,  viz.,  It  is  positive  if  the  aspect  of  the  circuit  P  to  Q  to  R 
from  0  is  the  same  as  that  of  A  to  Y  to  Z ;  negative  if  not. 

Or,  again,  in  the  special  case  in  which  OP,  OQ,  OR  are  at  right  angles, 
A  s  •!>  1  is  the  condition  that  it  should  be  possible  to  rotate  the  trirectangle 
OXYZ  so  that  it  may  coincide  with  OPQR. 

With  this  condition  we  have  also 


L.     M,    N,  A    . 

J  s    -J  a  --*  SB i 

l^     f»,     Jij     /I'  +  mi'  +  nj* 


■hi. 


Thu$  Li,  Ml,  N,  ari  the  direction  cosines  of  the  normal  to  OQR  on  that  side  from 
whieh  the  ofpeet  qf  a  rotation  OQR  ie  the  same  as  that  of  OYZ  seen  from  ^, 
In  the  oidinacv  svstem  thia  latter  is  clock- wise,  so  that  L,,  M„  N^  determine  the 
normal  from  which  the  rotation  OQ  to  OR  appears  clock- wise. ^ 

As  an  illustration  let  us  take  Rodrigues's  problem  to  find  the  co-ordinates 
(.r^,  y^,  s')  of  a  point  P  {r,  y,  s)  after,  say,  a  right-handed  rotation  ^  about  an 
axis  (L  tn,  n). 

If  PN  be  perpendicular  to  the  axis,  P'K  to  NP,  we  have 

ON=s^  +  my  +  n» (1) 

NP  -  ^/(w«-^)»  +  &c. 
and  the  direction  cosines  of  NP  are 

:r-iON  y-mOS  i-nON 


NP 


NP 


NP 


The  equation  to  the  plane  ONP  is 

^  XYZ  =0 

I  mn 
X  y  M 

■  One  interesting  reservation  should  be  made,  vis.,  that  the  rotation  from  OQ  to 
OR  most  be  taken  the  shortest  way^^.^.,  that  the  rule  requires  the  eiiclosion  of  reQex 
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From  the  point  P'  ONP  appears  counter-clock-wise,  while  from  X  OYZ  is  dock- 
wise  ;  therefore  the  direction  cosines  of  KP'  are 

_tnz—ny  _nx  —  h  _lx-mjf 
'  NP    '       NF   '       NP     ' 


(I  m  71) 


Projecting  ONQP'  on  OX  we  have  at  once 

ar'«ON./  +  NFcos^.^-f^?  +  NFsin^(--^-^«y) 


NP 

«  a-  cos  0  +  /ON  (1  -  cos  0)  -  {na—ny)  sin  <l>, 


and  similarly  for  y'  and  z'. 

If  the  rotation  be  left  handed  we  have  only  to  change  the  sign  of  ^. 


10.  Graphic  Methods  in  Spherical  Trigonometry^ 
By  Professor  G.  H.  Bryan,  FM,S. 


FRIDAY,  SEPTEMBER  1. 
The  following  Papers  and  Report  were  read : — 

1.  A  Restatement  of  the  Second  Law  of  Tliermodynamics  and  its  Bearing 
upon  our  Views  of  Heat  and  Radiation,     By  M.  Blieden,  M.D, 

After  discusring  the  conceptions  involved  in  the  definition  of  the  absolute  scale 
of  temperatures,  the  author  proposed  a  definition  of  heat  which,  <  like  the  definition 
of  absolute  temperature,  does  not  depend  upon  the  peculiarities  of  particular 
substances  or  upon  hypothetical  views  as  regards  the  nature  of  heat  and  tempera- 
ture.* 

The  defi^itioil  of  heat  proposed  by  the  author  is  as  follows :  Heat  is  that  form 
of  energy  which  can  only  be  made  to  produce  work  through  a  fall  of  temperature. 

The  author  showed  how  by  means  of  this  definition  of  heat  much  of  the  vague- 
ness and  difficulty  at  present  attending  the  exposition  of  the  principles  of  thermo- 
dynamics can  be  got  rid  of.  The  proposed  definition  enables  us  to  keep  definite 
count  of  the  amount  of  work  which  is  converted  into  heat  owing  to  the  irre^rersible 
nature  of  a  process.  If,  in  dealing  with  the  heat  received  by  a  body,  we  take  into 
account  not  only  the  heat  which  is  derived  through  conduction  or  radiation  from 
a  pre-existing  store  of  heat,  but  also  the  heat  which  is  generated  through  friction 
or  analogous  causes,  then  the  increase  of  entropy  undergone  by  a  body  during  any 
process  is  always  equal  to  the  quotient  of  the  heat  received  by  its  temperature 
during  the  reception  of  the  heat,  no  matter  whether  the  process  be  reversible  or 
irreversible.  The  great  difliculty  which  the  student  of  thermodynamics  at  preseat 
experiences  because  of  the  statement  that  in  an  irreversible  process  increase  of 
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entropy  is  greater  than  "heat  received  divided  by  temperature  of  reception  is  thus 
removed. 

Applying  his  definition  of  heat  as  a  test  to  the  internal  energy  of  a  body,  the 
author  showed  that  it  consists  of  two  distinct  portions — one  which  falls  within  his 
proposed  definition  of  heat,  and  one  which  does  not.  The  first  portion  is  called 
the  thermal  energy  of  the  body,  the  second  portion  its  non* thermal  energy.  The 
thermal  energy  of  a  body  is  equal  t^  the  product  of  its  entropy  into  its  absolute 
temperature.  This  thermal  energy  can  be  increased  in  two  ways.  In  the  first 
place,  by  raising  the  temperature  oF'the  body  without  increasing  its  entropy. 
The  increase  of  thermal  energy  in  suoh  a  case  takes  place  at  the  expense  of 
non-thermal  energy,  and  is  quantitatively  equal  to  the  increase  of  the  temperature 
of  the  body  multiplied  by  its  entropy  during  the  increase.  The  thermal  energy  of 
a  body  can,  secondly,  be  increased  by  a  fresh  supply  of  heat  without  raising  its 
temperature.  In  such  a  case  the  increase  of  entropy  of  the  body  multiplied  by  its 
temperature  during  the  increase  la  equal  to  the  fresh  supply  of  heat.  Both  modes 
Qf  the  increase  of  the  thermal  energy  of  a  body  can  take  place  simultaneously. 
To  use  mathematical  symbols,  let  t  be  the  absolute  temperature,  0  the  entropy, 
and  H  the  thermal  energy  of  a  body. 

Then  H  =«  0/,  and  dU. »  ^£  +  td^,  <f>dt  represents  the  increase  of  the  thermal 
energy  of  the  body  by  the  first  mode,  td<l>  represents  the  increase  of  its  thermal 
energy  by  the  second  mode. 

Let  E  represent  the  total  internal  energy  of  the  body,  then  its  non-thermal 
energy  is  equal  to  E-H=:E-<^^. 

This  division  of  the  internal  energy  of  a  body  into  a  portion  which  is  thermal 
and  a  portion  which  is  non-thermal  is  free  from  the  defects  which  attach  to  Helm- 
holtz's  mode  of  dividing  it  into  a  portion  which  is  *  free '  and  a  portion  which  is 
latent  or '  bound.* 

The  heat  contained  in  a  body  does  not  alter  its  thermodynamic  properties  when 
radiated  into  space.  What  is  generally  called  radiating  energy  falls  within  the 
definition  of  heat  proposed  by  the  author,  and  is  heat.  Thermodynamically,  the 
only  difference  between  radiant  heat  (including  light)  and  body  heat — ue.,  the 
thermal  portion  of  the  internal  energy  of  a  boay-— is  that  the  latter  is  associated 
with  ordinary  matter,  whilst  the  former  is  associated  with  the  free  etber  of  space. 
AH  thermodynamic  properties  of  heat  are  contained  in  the  statement  that  heat  is 
the  product  of  entropy  and  temperature,  and  this  statement  applies  to  radiant 
heat  as  well  as  to  boay  beat. 

The  author  next  proposed  to  give  a  physical  interpretation,  readily  grasped  by 
the  understanding,  of  the  thermodynamic  meanings  of  temperature  and  entropy. 
Two  assumptions  are  involved  in  this  interpretation.  The  first  assumption  is  that 
"body  heat  and  radiant  heat  possess  the  same  thermodynamic  properties,  because 
they  possess  essentially  identical  physical  properties.  According  to  this  assump- 
tion, which  is  legitimate  on  logical  grounds  and  is  supported  by  a  number  of 
physical  facts,  the  heat  of  a  b^y,  or  its  thermal  energy,  is  that  portion  of  its 
internal  energy  which  possesses  physical  properties  essentially  iaentical  with 
those  possessed  by  radiant  heat,  whilst  the  non-thermal  energy  of  a  body  possesses 
physical  properties  different  from  those  poesessed  by  radiant  beat.  Since  radiant 
heat  (including  light)  is  known  to  be  vibratory  in  nature,  the  thermal  energy  of  a 
body  must  likewise  be  vibratory  in  nature.  If  radiant  heat  is  a  periodic  electro- 
magnetic disturbance,  then  the  thermal  energy  of  a  body  must  also  be  some  form 
of  periodic  electro-magnetic  disturbance.  One  of  tbe  simplest  mechanical  models 
of  vibrator  disturbance  is  presented  by  a  stretched  elastic  string  which  has  been 
put  into  vibratory  motion.  The  vibratory  energy  of  such  a  string  is  equal  to  the 
product  of  two  quantities,  n  and  e,  of  which  n  represents  the  number  of  independently 
vibrating  parts  of  the  string,  and  e  the  energy  associated  with  each  independently 
vibrating  part.  The  properties  possessed  by  n  and  e  can  be  shoAvn  to  correspond  to 
the  properties  possessed  by  entropy  and  absolute  temperature  respectively.  The 
author  proposes  the  view — which  forms  the  second  assumption — that  the  vibratory 
energy  called  heat  consists  of  a  number  of  separate  vibratory  disturbances,  and 
that  entropy  represents  the  number  of  separate  disturbances,  whilst  absolut'O 
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tSMnperatttre  repreienti  the  energy  aaaoeiatod  with  an  indiridoal  distuihuiee. 
Such  a  view  of  the  nature  of  heat  would  enable  ua  to  ezj^ress  the  principlea  and. 
conceptions  of  thermodynamics  in  very  simple  mechaaieal  tarma.  The  writer 
supported  the  view  that  radiant  heat  can  be  analysed  into  alementaiy  proportaona 
by  considerations  based  upon  the  known  physical  properties  of  radiation,  and  also 
showed  how  a  similar  resolution  of  the  thermal  energy  of  a  body  into  elenentarjr 
proportions  is  the  logical  outcome  of  the  eleot^n  thaoiy  of  matter. 


2.  On  the  Kinetic  and  Statistical  Equilibrium  of  Ether  in  Ponderable 
Matter  at  any  Temperature.^     By  Lord  Kblyin,  O.C.  V.O.^  F.£,S. 

1.  Consider  first  the  simplest  possible  case:  a  piece  of  solid  matter  of  a  few 
millimetres  or  a  few  centimetres  greatest  diameter,  plaoed  in  space  at  the  earth 'a 
distance  from  the  sun — say  160  million  kilometres ;  for  particular  examples- 
suppose  two  globes  of  metaly  or  rock,  or  glass,  or  the  bulbs  of  two  thermometers, 
of  one  centimetre  diameter,  one  of  them  coated  with  black  cloth  and  the  other 
with  white  doth,  side  by  side,  at  a  distance  of  a  few  centimetres  or  metres 
asunder.  For  the  most  extreme  simplification  sappose  no  other  matter  in  the 
universe  than  ether,  the  sun,  and  our  test  globes.  From  our  knowledge  of  the 
properties  of  matter  it  is  obvious  that  each  of  the  test  globes  will,  in  a  few 
minutes  of  time,  come  to  a  steady  temperature.  In  these  circumstances,  each 
globe  sends  out  by  radiation  as  much  energy  of  waves  in  ether  as  it  takes  in  fW>m 
the  sun,  after  it  has  been  lonj^  enough  exposed  to  come  to  a  steady  temperature. 

2.  The  internal  mechanism  in  each  globe  conaists  of  atoms  of  ponderable 
matter,  with  ether  permeating  through  the  whole  volume  of  the  globe,  and  locally 
condensed  and  rarefied  in  the  space  around  the  centre  of  each  atom ;  as  the  author 
has  assumed,  with  explanations,  in  §{  162, 163, 164,  of  pp.  412,413,  and  in  {  3  of 
pp.  487,  488,  of  his  volume  of  *  Baltimore  Lectures/ 

3.  The  action  of  this  mechanism  in  the  ease  under  consideration  involyes  the 
communication  of  energy  from  the  incident  waves  of  sunlight  to  the  atoms  of  the 
solid  in  the  surface  of  the  hemisphere  illuminated  by  the  sun,  and  the  communi- 
cation of  energy  from  the  atoms  to  ether  in  the  form  of  waves  travelliog  out  in  ail 
directions  from  the  surface  of  the  globe.  The  travelling  of  this  energy  through 
the  volume  of  the  globe  is  carried  on  according  to  the  laws  of  tbe  conduction  of 
heat  throuffh  solids  (modified,  scarcely  perceptibly,  by  convection  currents  in  the 
case  in  which  the  globe  is  the  bulb  of  a  mevenry  thermometer). 

4.  Our  present  knowledge  of  the  radiational  properties  of  matter  does  not  (|uite 
suffice  to  let  us  pronounce  ror  certain  which  of  tne  two  globes  will  have  the  higher 
steady  temperature,  as  this  depends  not  only  on  the  well>  known  higher  recep- 
tivity of  the  black  surface  than  of  the  white  for  sun-heat,  but  also  on  the  difierence 
of  radiational  emissivities  of  the  two  surfaces  on  their  hemispheres  not  exposed  to 
the  sun.  It  seems  most  probable  that  the  black  globe  will  be  steadily  warmer 
than  the  white ;  but  it  cannot  be  said  with  certainty  that  this  is  true.  Sappoae  for  a 
moment  that  the  steady  tempeiteture-of  tbe  two  is  the  same ;  and  then  whiten  the 
hemisphere  of  the  black  globe  faein^firifm  the  sun.  This  will  cause  the  black-and* 
white  globe  to  be  warmer  than  it  was,' because  it  will  radiate  less  into  void 
ether  than  it  did  when  it  was  all  black.  ■ 

6.  Then  blacken  the  hemisphere  fadng  from  the  mn  of  the  globe  which  waa 
originally  all  white.  Its  steady  temperature  obviously  will  be  lowered.  There  are 
now,  side  by  ride,  two  globes,  each  with  a  white  hemisphere  and  a  black  hemi- 
sphere, facing  respectively  towards  and  firom  the  sun.  The  globe  of  which  the 
black  hemisphere  is  towaras  the  sun  will  certainly  be  warmer  than  the  other,  when 
a  few  minutes  of  time  have  been  given  for  the  temperature  of  each  to  become 
steady. 

6.  It  is  not  possible  for  a  human  experimenter  to  attain  to  the  extreme  simplicity 
ideally  prescribed  in  {$  1-6  above.    But  it  has  occurred  to  the  author  (and  probablj 

>  See  Pkihtopkieal  Magazine,  vol.  x.,  p.^286  (1900).   _  . 
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to  many  others)  that  instructive  experiments  might  be  made  hj  obserying  the 
temperatures  of  two  equal  and  similar  thermometers,  placed  beeide  each  other  on 
a  wooden  table  (or  on  two  similar  tables  of  the  same  mat^al),  or  on  a  cushion  or 
layer  of  very  fine  cottom-wool ;  each  thermometer  between  the  folds  of  a  doubled 
sheet :  one  of  white  doth  and  the  other  of  black ;  both  exposed  in  the  open  air 
under  sunlight,  or  under  the  light  of  a  more  or  less  cloudy  sky,  or  under  mooa- 
light  or  starlight,  or  in  the  darkest  attainable  cellar. 

7.  Not  bemg  able  at  the  time  to  undertake  any  experimental  work,  the 
author  a^ed  Ur.  Glazebrook  if  he  could  conveniently  allow  some  such  experi- 
ments to  be  made  under  the  auspices  of  the  National  Physical  Laboratory.  He 
kindhr  consented,  and  asked  Dr.  Chree  to  commence  an  investigation  of  the  kind. 
On  July  28  the  author  received  from  Dr.  Chree  the  appended  description  of  his 
work  and  statement  of  results. 

8.  It  is  very  interesting  to  see  in  Dr.  Chree's  results  how  large  are  the  differ- 
ences in  the  temperatures  of  the  thermometers  under  black  and  under  white  cloth, 
ranging  from  0*5°  to  0*6°  C,  even  at  times  when  the  sky  is  covered  with  dark 
clouds;  and  how  comparatively  moderate  are  the  differences, ranging  from  1*1°  to 
8*6°  C.y  at  times  of  exposure  to  direct  sunshine. 

9.  Returning  to  §  4,  with  one  of  the  globes  black  over  its  whole  surface  and 
the  other  white :  Suppose  the  two  to  be  taken  to  1,000  times  the  earth's  distance 
from  the  sun,  and  suppose,  all  at  about  the  same  distance  (for  simplicity  of 
calculation),  909  stars,  each  equal  to  our  own  sun,  to  be  scattered  through  space 
round  the  place  of  our  ideal  experiment.  The  total  of  radiational  eneifry  coming 
from  all  these  suns  to  the  place  of  observaticm  will  be  about  one-thousandth  of 
the  amount,  per  unit  of  Ibime,  coming  from  our  own  sun  in  the  case  of  §{  1,  2,  8 ; 
and  the  difference  of  steady  t'Cmperature  between  the  white  globe  and  the  black 
globe  may  be  about  one-thousanath  of  that  which  it  would  be  in  $§  1,  2,  3.  This 
last  supposition  would  be  somewhat  similar  to  an  exposure  to  starlight  on  a  cloud- 
less night,  at  the  top  of  a  high  mountain  of  our  earth,  with  a  large  number  of  lai^ 
screens  between  the  tested  globes  and  the  mountain  top.  It  does  not,  however, 
seem  probable  that  anv  differences  of  temperature  will  be  perceptible  on  the  two 
thermometers  exposed  only  to  stellar  radiation  from  the  sky.  Even  less  of 
difference  may  be  expected  when  the  two  thermometers  are  the  darkest  attainable 
cellar.  The  bolometric  method  would,  of  course,  be  much  more  sensitive  than 
the  comparison  of  two  ordinary  thermometers,  even  of  the  most  extreme 
sensibility,  and  it  will,  tbe  author  thinks,  be  worth  while  to  try,  in  cases  in  which 
the  thermometric  method  fails,  or  almost  fails,  to  show  any  difference  between 
the  two  temperatures. 

3.  On  TempercUwrea  of  Thermometers  under  Black  Cloth  and  binder 
White  Cloth.    By  Dr.  Charlbs  Ohrbb,  F.R.S. 

Experiments  with  two  ordinary  thermometers,  Nos.  1184  and  1207.  Thermo- 
meters placed  horizontally  on  small  stands  fastened  to  the  outside  windotv-sill 
of  the  wooden  room  on  the  Observatory  roof,  some  40  feet  above  the  general 
level  of  the  ground.    The  arrangement  was  as  ihown  diagramatically. 


NortA 


The  north  side  of  this  upper  room  is  entirely  in  the  shade  until  well  on  in  the 
afternoon.  The  cloths  were  wrapped  several  times  round  the  bulbs  and  a  small 
adjacent  part  (tf  the  stems.  The  thermometers  were  interchanged  and  the  cloths 
were  interchanged  to  eliminate  difference  between  positions  and  between  ther* 
momeiers.    Beadings  were  taken  at  intervals  throughout  two  days, 
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In  every  single  case  the  (corrected)  reading  was  higher  for  the  thennometer 
under  the  black  cloth. 

The  conditions  at  the  time  were  noted  either  as  (a)  bright  sunshine ;  (6)  suu 
shining  through  cloud ;  (c)  cloudy;  (d)  black  cloud,  t.e.,  dara generally. 

An  analysis  appears  in  the  following  tables.    The  readings  are  all  Centigrade, 
corrected  for  scale  errors. 

Woollen  Cloths. 


July  12. 

Position  < 

m  Bight. 

Position 

on  Left.      i 

Excess  of  Beading  under  BUwk 

Time 

Blftck  Cloth 

White  Cloth 

Cloth,  Conditions  being 

No.  1184. 

No.  1207 

No.  1184 

No.  1207 

(«) 

(J)     („)  !  (rf) 

IT.   M. 

o 

o 

o 

o 

o 

o 

0                  O 

U     0 

23-9 

22-7 

1-2 

— 

U  20 

— 

26-8 

23-4 

— 

— 

— 

24 

— 

11  40 

26-2 

— 

— 

23-8 

2-4 

— 

— 

— 

12    0 



26-8 

24-6 

— 

2-2 







12  20 

25-5 

— 

— 

24-5 

— 

— 

10 



12  40 



250 

241 



.. 

„_ 

0-9 

__ 

2    0 

26-6 





24-8 





0-8 

__ 

2  10 

26-3 

25-3 

— 

— 

10 

— 

— 

2  20 

26-5 

-^ 

.^^ 

25-8 

..^ 



0-7 



2  30 

— 

26'8 

24-9 





— ,- 

0-9 



2  40 

26-4 



— 

25-2 

.^ 

12 

— 

_- 

2  50 

— 

27-4 

26-6 

— 

1-8 

* 

— 

— 

— 

(a)  Sunshine,    (b)  San  visible  through  clouds,    (c)  Cloudy,    (d)  Dark  clouds. 
Woollen  Clothe  changed  over 


July  12. 

Time 

H.  M. 

3    0 

3  10 

3  20 

3  30 

3  40 

3  60 

4    0 

4  10 

Position  on  Bight. 
White  Cloth 


No.  1184 

o 
251 

251 

25-6 

250 


No.  1207 

o 

24-8 
25-3 
24-5 
24-5 


Position  on  Left. 
Black  Cloth 


No.  1184 
o 

261 
26-2 
261 
26-6 


No.  1207 
26*^2 
26-3 
261 
26-2 


Excess  of  Beading  under  Black 
Cloth,  Conditions  being 

(a) 

w 

(P) 

W 

o 

11 

o 

o 

o 



1-3 

— 



1*2 











0-9 

— 

— 

— 

— 

0-5 

1-6 







1-2 







— 

— 

10 

— 

(a)  Sunshine,    (b)  Sun  visible  through  clouds,    (c)  Cloudy,    (d)  Dark  clouds. 

Cotton  Clothe. 


July  18. 
Time 


H.  M. 
11  0 
U  15 
11  30 
11  46 

11  65 

12  10 
12  20 
12  30 
12  40 


Position  on  Bight. 
White  Cloth 


No.  1184 
o 

23-6 
236 
23-2 
24-3 


No.  1207 

o 

246 
230 
23-6 
233 
24-3 


Position  on  Left. 
Black  Cloth 


Excess  of  Beading  under  Black ' 
I       Cloth,  Conditions  being 


No.  1184 
25°3 
23-7 
21-6 
242 
251 


No.  1207  I    («) 
o 

24-8 
24-8 
244 
24-9 


(^)        (^)        W 


1-3 

07 

0-7 

— 

, 

12 

— 

— 

— 

-.. 

0-9 

12 



-X-     1 

— 

0-9    1 

— 

08   , 

0-6 


(a)  Sunshine.    (^)  Sun  visible  through  clouds.    (<;)  Cloudy,    (ij)  Dark  clouds^ 
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July  18. 
Tune 


H    M.    i 

2  10  I 
2  20  I 
2  35  . 
2  46     I 

2  55 

3  5 
3  15 
3  25 
3  35 


Poaition  6n  Right. 

Position 

on  Left. 

Excess  of  Beading  under  Black 
Cloth,  Conditions  being 

Black  Cloth 

White  Cloth 

No.  1184 

No.  1207 

No.  1184 

No.  1207 

W    '    (h)        W 

w 

^-P 

o 

0 

o 

o             o              o 

o 

27-0 

— 

24-2 

2-8 

—         — 

— 

260 

25-2 





—         0-8    1     — 

27-3 

— 



25-5 

1-8 

1     — — 

— 

26-6 

25-3 



1-3 

—         

26-7 





25-6 



11 



— 

25-5 

24-9 

" 







0-6 

26-4 

— 



25-3 

11 









26-9 

25G 



]-3 

■ 





270 

— 

— 

25*8 

1-2 

— 

— 

— 

(a)  Sanshine.    (Jb)  Sun  visible  through  clouds,    (c)  Cloudj.    (d)  Dark  clouds. 

Observations  made  on  a  Stand  in  the  Garden  about  ^feet  above  Ground. 

No  Shade, 

Woollen  Cloths, 


July  18. ' 

Position  on  Right. 

Position  on  Left.        Excessof  Reading  under  Black 

Time     | 

Black  Cloth 

White  Cloth            | 

Cloth,  Conditions  being 

! 

No.  1184 

No.  1207 

No.  1184 

No.  1207   1 

W       1 

(ft) 

(0) 

H.  M.   , 

o 

o 

0 

o                      o 

o 

o 

11  50 

28-2 

26-9              23 

12    0 

— 

271 

25-6 

— 

1-6 



12  10 

25-9 



— 

24-6 

— 



1-3 

12  20 

— 

25-6 

241 

— 

— 

— 

1-5 

12  80  1 

24-7 

— 

— 

232 

— 

— 

15 

White  Cloth 

Black  Cloth 

2    50 

24-8       1         — 

1         -         '        255 

— 

0-7 

— 

3      0 

—                24-6 

'        25-6       1 

10 

— 

— 

3     10 

24-9               — 

—         1       26-6 

17 

— 

— 

3     20 

—                24-4 

25-3               — 

— 

— 

0-9 

3     30 

24-2       i 

—                25-8 

1-6 

— 

— 

(a)  Sunshine. 

•  W  s 

an  visible  tl 

trough  cloud 

Is.             ( 

c)  Cloud: 

f' 

Cotton  Cloth, 


July  18. 

Time 

.  H. 

M. 

3 

40 

3 

60 

4 

0 

4 

10 

4 

20 

4 

30 

4 

40 

4 

50 

Position  on  Right. 
Black  Cloth 


Position  on  Left. 
White  Cloth 


Excess  of  Reading  under  Black 
Cloth,  Conditions  being      ! 


No.  1184 

o 
281 

271 


No.  1207 
o 

26-9 
260 


White  Cloth 
24-4 
244 

24-9 


No.  1184 

No.  1207 

o 

o 

25-8 

25-5 

— 

— 

25-4 

24-6 

— 

24-3 


Black  Cloth 
263 

280 
26-2 


(») 

(6) 

(0    1 

o 

0 

o 

2-3 

— 

1-4 

—       , 

1-7 

— 

— 

— 

1-4 

1-9 

1       i 

36 

... 

1      — 





1       ^"^ 

1-3 

— 

{a)  Sunshine. 


(6)  Sun  visible  through  clouds. 


(c)  Cloudy, 


•ogle        ^ 
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4.  Differential  InvariarUe  of  a  Plane  cmd  of  a  Curve  on  d  PtatU, 
By  Profesaor  A.  K.  Forsyth,  F.B.S. 


5.  Cheae  Magic  Squares,     By  M.  CAaHMOBE,  M.P.S. 

This  paper  described  ehees  magic  aquaree — that  is,  the  magic  sqnareB  having  a 
constant  aummation  along  every  chess  path.  The  method  of  construction  was  given, 
followed  bj  an  iavestigatioD  showiitt:  the  number  of  possible  chess  magic  squares. 
The  paper  closed  with  the  theory  oftheir  construction. 


6.  Computation  of  ir.    By  M.  CAsmiORli,  M.P.8. 

This  paper  gave  a  better  formula  than  Machin's.    The  coneot  value  of  tr  was 
given  to  ten  places  by  the  use  of  three  terms. 


7.  Report  of  the  Committee  on  Electrical  Standards* — ^See  BeportB,  pi  95. 
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Skotiow  B.--CHEMISTRY. 
Pbbsident  of  thb  Seotiok. — Geobgb  T.  Beilby. 


The  President  delivered  the  following  Addrees  at  Johannesburg,  on  Tuesdayi 
Augast  20: — 

Ik  scanning  the  list  of  the  elements  with  which  we  are  thoughtfully  supplied 
every  year  by  the  International  Committee  on  Atomic  Weights,  the  duoetion  in 
which  oar  thoughts  are  led  will  depend  on  the  particular  aspect  of  chemical  study 
which  happens  to  interest  us  at  the  time.  Putting  from  our  minds  on  the  present 
occasion  the  attractive  speculations  on  atomic  constitution  and  (lisintegration  with 
which  we  have  all  become  at  least  superficiallv  familiar  during  the  past  few 
years,  let  us  try  to  scan  this  list  from  the  point  of  view  of  the  'plain  man '  rather 
than  from  that  of  the  expert  chemist.  Even  a  rudimentary  knowledge  will  be 
sufficient  to  enable  our  'plain  man'  to  divide  the  elements  broadlv  into  two 
ffroups — the  actually  useful  and  the  doubtfully  useful  or  useless.  Without  going 
mto  detail  we  may  take  it  that  about  two-thirds  would  be  admitted  into  the  first 
gronp,  and  one^third  into  the  second.  It  must,  I  think,  be  regarded  as  a  very 
remarkable  fact  that  of  the  eighty  elements  which  have  had  the  intrinsic  stability 
to  enable  them  to  survive  the  prodigious  forces  which  must  have  been  concerned 
in  the  evolution  of  the  physical  universe,  so  large  a  proportion  are  endowed 
with  characteristic  properties  which  could  ill  have  been  spared  either  from  the 
laboratories  of  Nature  or  from  those  of  the  Arts  and  Sciences.  Even  if  one-third 
of  the  elements  are  to  be  regarded  as  waste  products  or  failures,  there  is  here  no 
counterpart  to  the  reckless  prodigality  of  Nature  in  the  processes  of  organic 
evolution. 

If  we  exclude  those  elements  which  participate  directly  and  indirectly  in  the 
structure  and  functions  of  the  organic  world,  there  are  two  elements  which  stand 
out  conspicuously  because  of  the  supreme  influence  they  have  exercised  over  the 
trend  of^  human  effort  and  amlntion.  I  refer,  of  course,  to  the  metals  gold  and 
iron. 

From  the  early  beginnings  of  civilisation  gold  has  been  highly  prized  and 
eagerly  sought  after.  Human  life  has  been  freely  sacrificed  in  its  acquirement 
from  natural  sources,  as  well  as  in  its  forcible  seizure  from  those  who  already 
possessed  it.  The  '  Age  of  Gold '  was  not  necessarily  '  The  Golden  Age,'  for  the 
noble  metal  in  its  uni^ae  and  barbaric  splendour  has  symbolised  mucn  that  haa 
been  unworthy  in  national  and  individual  aims  and  ideals. 

We  have  accustomed  ourselves  to  think  of  the  present  aa  the  Age  of  Iron,  as 
indeed  it  is,  for  we  see  in  the  dull,  grey  metal  the  plastic  medium  out  of  whidi 
tiM  engineer  has  modelled  the  machines  and  structures  which  play  so  large  a  part 
in  the  active  life  of  to-day.  Had  iron  not  been  at  once  plentiful  and  cheap,  had 
it  not  brought  into  the  hands  of  the  engineer  and  artificer  its  marvellous  qualities 
of  hardness  and  softness,  of  rigidity  and  toughness,  and  to  the  electrician  its 
nyateriaiia  and  unique  magnetic  quauties,  it  is  not  difficult  ta  conceive  that  man'a 
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oonirol  over  the  forces  of  Nature  might  have  been  delayed  fot  centuries,  ot  perhaps 
for  ages.  For  iron  has  been  man's  chief  material  instrument  in  the  oonouest  of 
Nature ;  without  it  the  energy  alike  of  the  waterfall  and  of  the  coalfield  would 
have  remained  uncontrolled  and  unused.  In  this  conquest  of  the  resources  of 
Nature  for  the  service  of  man  are  we  not  entitled  to  say  that  the  intellectual 
and  social  ^ains  have  equalled,  if  they  have  not  exceeded,  in  value  the  purely 
material  gams ;  and  may  we  not  then  regard  iron  as  the  symbol  of  a  beneficent 
conquest  of  Nature  ? 

With  the  advent  of  the  Industrial  Age  gold  was  destined  to  take  a  new  place 
in  the  world's  history  as  the  great  medium  of  exchange,  the  great  promoter  of 
industry  and  commerce..  While  individual  gain  still .  remained  the  propelling 
power  towards  its  discovery  and  acquisition,  every  fresh  discovery  led  directly  or 
indirectly  to  the  freer  interchange  of  the  products  of  industry,  and  thus  reacted 
favourably  on  the  industrial  and  social  conditions  of  the  time. 

So  long  as  the  chief  supplies  of  gold  were  obtained  from  alluvial  deposits  by 
the  simple  process  of  washmg,  the  winning  of  gold  almost  necessarily  continued 
to  be  pursued  by  individiuus,  or  by  smaU  groups  of  workers,  who  were  mainly 
attracted  by  the  highly  speculative  nature  of  the  occupation.  These  workers 
endured  the  greatest  hardships  and  ran  the  most  serious  personal  risks,  drawn  on 
from  day  to  day  by  the  hope  that  some  special  stroke  of  good  fortune  would  be 
theirs.  This  condition  prevailed  also  in  fields  in  which  the  reef  gold  occurred 
near  the  surface,  where  it  was  easily  accessible  without  costly  mining  appliances, 
and  where  the  precious  metal  was  loosely  associated  with  a  weathered  matrix^ 
Thefe  free-milling  ores  could  be  readily  handled  by  crushing  and  amalgamation 
with  mercury,  so  that  here  aho  no  elaborate  organisation  and  no  great  expenditure 
of  capital  were  necessary.  A  third  stage  was  reached  when  the  more  easily 
worked  deposits  above  the  watei^liue  had  been  worked  out.  Not  only  were  more 
costly  appliances  and  more  elaborately  organised  effoi-ts  required  to  bring  the  ore 
to  the  sur&ce,  but  the  ore  when  obtained  contained  less  of  its  gold  in  the  easily 
recovered,  and  more  in  the  refractory  or  combined  form.  The  problem  of 
recovery  had  now  to  be  attacked  bv  improved  mechanical  and  chemical  methods. 
The  sulphides  or  tellurides  with  which  the  gold  was  associated  or  combined  had 
to  be  reduced  to  a  state  of  minute  subdivision  by  more  perfect  stamping  or  grind- 
ing, and  elaborate  precautions  were  necessary  to  ensure  metallic  contact  between 
the  particles  of  gold  and  the  solvent  mercury.  In  many  cases  the  amalgamation 
process  failed  to  extract  mere  than  a  very  moderate  proportion  of  the  gold,  and 
the  quartz  sand  or  '  tailings '  which  still  contained  the  remainder  found  its  way 
into  creeks  and  rivers  or  remained  in  heaps  on  the  ground  around  the  batteries. 
In  neighbourhoods  where  fuel  was  available  a  preliminary  roasting  of  the  ore  was 
resorted  to,  to  oxidise  or  volatilise  the  baser  metals  and  set  free  the  gold ;  or  the 
sulphides,  tellurides,  *&c.,  were  concentrated  by  washing,  and  the  concentrates 
were  taken  to  smelting  or  chlorinating  works  in  some  favourable  situation  where 
the  more  elaborate  metallurgical  methods  could  be  economically  applied.  Many 
efforts  were  also  made  to  apply  the  solvent  action  of  chlorine  directly  to  the 
unconcentrated  unroasted  ores ;  but  unfortunately  chlorine  is  an  excellent  solvent 
for  other  substances  besides  gold,  and  in  practice  it  was  found  that  its  solvent 
energy  was  mainly  exercised  on  the  base  metals  and  metalloids,  and  on  the 
materials  of  which  the  apparatus  itself  was  constructed. 

This  to  the  best  of  my  knowledge  is  a  correct,  if  rather  sketchy,  descrintion 
of  the  state  of  matters  in  1889  when  the  use  of  a  dilute  solution  of  cjaniae  of 
potassium  was  first  seriously  proposed  for  the  extraction  of  gold  from  its  ores. 
Those  of  us  who  can  recall  the  time  will  remember  that  the  proiK)sal  was 
far  from  favourably  regarded  from  a  chemical  point  of  view.  The  cost  of-  the 
reagent,  its  extremely  poisonous  nature,  the  instability  of  its  solutions,  its  slow 
action — such  were  the  difliculties  that  naturally  presented  themselves  to  our 
minds.  And,  even  planting  that  these  difliculties  might  be  overcome^  there 
still  remained  the  senous  pronlem  of  how  to  recover  the  gold  in  metallic  form 
from  the  extremely  dilute  solutions  of  the  cyanide  of  ^old  and  potassium.  How 
each  and  all  of  these  difficulties  have  been  swept  aside,  how  within  little  more 
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than  a  decade  this  method  of  gold  extraction  has  spread  over  the  gold-producing 
countries  of  the  world,  now  absorbing  and  now  replacing  the  older  processes,  but 
ever  carrying  all  before  it— all  this  is  already  a  twice-told  tale  wluch  I  should 
feel  hardly  justified  in  alluding  to  were  it  not  for  the  fact  that  we  are  to-day 
meeting  on  the  Rand  where  the  infant  process  made  its  d^but  nearly  fourteen 
years  ago.  The  Rand  to-day  U  the  richest  of  the  world's  goldfields,  not  only  in 
its  present  capacity,  but  in  its  potentialities  for  the  future ;  twenty  years  ago  its 
wonderful  possibilities  were  auite  unsuspected  even  by  experts. 

It  is  not  for  me  to  describe  in  detail  how  the  change  has  been  accomplished) 
this  task  will,  we  know,  be  far  better  accomplished  by  representative  chemists  who 
are  now  actively  engaged  in  the  work.  But  for  the  chemists  of  the  British 
Association  it  is  a  fact  of  great  significance  that  they  are  here  in  the  presence  of 
the  most  truly  industrial  development  of  gold  production  which  the  world  has 
yet  seen ;  a  development  moreover  that  is  founded  on  a  purely  chemical  process 
which  for  its  continuance  reauires  not  only  skilled  chemists  to  superinff^nd  its 
operation,  but  equally  skillea  chemists  to  supply  the  reagent  on  which  the 
industry  depends. 

In  1889  the  world's  consumption  of  cyanide  of  potassium  did  not  exceed  fifty 
tons  per  annum.  This  was  produced  by  melting  ferrocyanide  with  carbonate  of 
potassium,  the  clear  fusxid  cyanide  so  obtained  being  decanted  from  the  carbide  of 
iron  which  had  separated.  The  resulting  salt  was  a  mixture  of  cyanide,  cyanate, 
and  carbonate  which  was  sometimes  called  cyanide  of  potassium  for  the  hardly 
sufficient  reason  that  it  contained  30  per  cent,  of  that  salt.  When  the  demand 
for  gold  extraction  arose,  it  was  at  first  entirely  met  by  this  process,  the  reauisite 
ferrocyanide  being  obtained  by  the  old  fusion  process  from  the  nitrogen  of  liorns, 
leather,  &c.  In  1891  the  first  successful  process  for  the  synthetic  production  of 
cyanide  without  the  intervention  of  ferrocyanide  was  perfected,  and  tne  increasing 
demand  from  the  gold  mines  was  largely  met  by  its  use.  At  present  the  entire 
consumption  of  cyanide  is  not  much  short  of  10,000  tons  a  year,  of  which  the 
Transvaal  ^Idfield  consumes  about  one-thiitl.  liarge  cyanide  works  exist  in 
Great  Britain,  Germany,  France,  and  America,  so  that  a  steady  and  sure  supply 
of  the  reagent  has  been  amply  provided.  In  1894  the  price  of  cyanide  in  the 
Transvaal  was  2s.  per  pound ;  to-day  it  is  one-third  of  that,  or  Sd,  During  the 
prevalence  of  the  high  prices  of  earlier  years  the  manufacture  was  a  highly 
speculative  one,  and  new  processes  appeared  and  disappeared  with  surprising 
suddenness,  the  disappearance  being  generally  marked  by  the  simultaneous  vanish- 
ing of  large  sums  of  money.  To-day  the  manufacture  is  entirely  carried  out  in 
large  works  scientifically  organised  and  supervised,  and,  both  industrially  and 
commercially,  the  speculative  element  has  been  eliminated. 

Chemistry  has  so  often  been  called  on  to  play  the  part  of  the  humble  and 
unrecognised  handmaiden  to  the  industrial  arts  that  we  may  perhaps  be  pardoned 
if  in  this  case  we  call  public  attention  to  our  Cinderella  as  she  shines  in  her 
rightful  position  as  the  genius  of  industrial  initiation  and  direction. 

To  this  essentially  chemical  development  of  metallurgy  we  owe  it  that  in 
a  community  whose  age  can  only  be  counted  by  decades  we  find  ourselves  sur- 
rounded by  chemists  of  high  scientific  skill  and  attainments  who  have  already 
organised  for  their  mutual  aid  and  scientific  enlightenment  'The  Johannesburg 
Society  of  Chemistr}',  Metallurgy,  and  Mining,'  whose  published  proceedings  amply 
testify  to  the  atmosphere  of  intellectual  vigour  in  which  the  work  of  this  great 
industry  is  carried  on. 

It  appeal's,  then,  that  while  gold  still  maintains  its  position  of  influence  in  the 
afiairs  of^  men,  the  nature  of  that  ii}fluence  has  undergone  an  important  change. 
Not  only  has  its  widespread  use  as  thephief  medium  of  exchange  exercised  far- 
leaching  effects  on  the  commence  of  the  ./prld,  but  the  vastly  increased  demand 
for  this  purpose  has  in  its  turn  altered  the  meJiods  of  production.  These  methods 
have  become  more  highly  organised  and  8cientifi6^  and  gold  production  is  now  fairly 
established  as  a  progressive  industry  in  which  scopf)  is  found  for  the  best  chemical 
and  engineering  skill  and  talent. 

The  experience  of  more  highly  evolved  industries^  in  the  older  (countries  b^ 
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shown  that  the  truly  scientific  organisation  of  industry  includes  in  its  scope  a  full 
and  just  consideration  for  the  social  and  intellectual  needs  of  its  workers  from 
highest  to  lowest  It  augurs  well,  therefore,  for  the  future  of  the  gold  industry, 
from  the  humane  and  social  points  of  view,  that  its  control  should  be  more  and 
more  under  the  influence  of  men  of  scientific  spirit  and  intellectual  culture  who 
we  may  feel  assured  will  not  forget  the  best  traditions  of  their  class. 

The  application  of  science  to  industry  requires  on  the  part  of  the  pioneers  and 
organisers  keen  and  persistent  concentration  on  certain  well-defined  aims.  Any 
wavering  in  these  aims  or  any  relaxation  of  this  concentration  may  lead  to  failure 
or  to  only  a  qualified  succete.  This  necessary  but  narrow  concentration  may  be  a 
dan^r  to  the  intellectual  development  of  the  worker,  who  may  thereby  readily 
finll  mto  a  groove  and  so  may  become  even  less  efficient  in  his  own  particular  work. 
It  certainly  requires  some  mental  strength  to  hold  fast  to  the  well-defined  practical 
aim  while  allowing  to  the  attention  occasiona)  intervals  of  liberty  to  browse  over 
the  wide  and  pleasant  fields  of  science.  But  I  am  certain  that  the  acquirement  of 
this  double  power  is  well  worth  an  efifort.  The  mental  stimulus,  as  well  as  the 
new  experiences  garnered  during  the  excursion,  will  sooner  or  later  react  fiivour- 
ably  on  the  practical  problems,  while  the  earnest  wrestling  with  these  problems 
may  develop  powers  and  intuitions  which  will  lend  their  own  charm  to  the  wider 
problems  of  science. 

Gold  and  Scieiuie, 

If  we  re^peruse  tlie  table  of  the  elements,  not  now  in  our  capacity  as  '  plain  men ' 
but  as  chemists,  we  shall  certainly  not  select  gold  as  of  supreme  interest  chemically. 
Its  position  as  chief  among  the  noble  metals,  its  patent  of  nobility,  is  based  on  its 
aloofness  from  common  associations  or  attachments.  Unlike  the  element  nitrogen, 
it  is  mainly  for  itself  and  little  if  at  all  for  its  compounds,  that  gold  is  interestmg. 
In  it  we  can  at  our  leisure  study  the  m^al  rather  than  the  element.  Its  colour 
and  transparence,  its  softness  and  its  hardness,  the  density  as  well  as  the  extreme 
tenuity  of  some  of  its  forms — such  were  the  qualities  which  recommended  it  to 
Faraday  when  he  desired  to  study  the  action  of  material  particles  on  light.  I 
should  like  to  repeat  to  you  in  his  own  words  the  reasons  he  gave  for  this  choice : 
'  Because  of  its  comparative  opacity  among  bodies,  and  yet  possession  of  a  real 
transparency;  because  of  its  development  of  colour  both  in  the  reflected  and 
transmitted  rays ;  because  of  the  state  of  tenuity  and  division  which  it  permitted 
with  the  preservation  of  its  integrity  as  a  metallic  body ;  because  of  its  supposed 
simplicity  of  character ;  and  because  known  phenomena  appeared  to  indicate  that 
a  mere  variation  in  the  size  of  its  particles  gave  rise  to  a  variety  of  resultant 
colours.  Besides  the  waves  of  light  are  so  large  compared  to  the  dimensions  of 
the  particles  of  gold  which  in  various  conditions  can  be  subjected  to  a  ray,  that  it 
seemed  probable  that  the  particles  might  come  into  effective  relations  to  the  much 
smaller  vibrations  of  the  other  particles.' 

I  may  remind  you  that  Faraday  came  to  the  conclusion  that  the  variety  in  the 
colours  presented  by  gold  under  various  conditions  is  due  to  the  size  of  its  particlea 
and  their  state  of  aggregation.  Ruby  glass  or  ruby  solutions  he  proved  are  not 
true  solutions,  nor  are  they  molecular  diffusions  of  gold,  but  they  contain  the 
metal  in  aggregates  sufficiently  large  to  give  a  sensible  reflection  under  an  incident 
beam  of  light.  Through  the  kindness  or  Sir  Henry  Roscoe  I  am  able  to  exhibit  to 
you  some  of  the  original  ruby  gold  preparations  obtained  during  this  research, 
which  were  afterwards  presented  to  him  by  Faraday  at  the  Royal  Institution  some 
years  before  his  death. 

By  means  of  refined  and  ingenious  optical  methods  Zigsimondy  and  Siedentopf 
have  succeeded  in  making  these  ultra-microscopic  particles  visible  in  the  micro- 
scope as  dif^tLction  discs ;  they  have,  further,  counted  the  number  of  particles  per 
unit  area,  and  have  irom  the  intensity  of  their  reflection  calculated  their  size.  In 
ruby  glass  the  size  of  the  particles  in  different  specimens  was  found  to  vary  from 
4  to  791  millionths  of  a  millimetre.  No  relation  was  found  to  hold  between  the 
colour  of  the  particles  and  their  absolute  size.  This  conclusion  is  in  direct  con- 
tradiction of  Faraday's  belief  already  referred  to.     Mr.  J.  Maxwell  Qamett  has 
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fgcenUj  shown  that  the  colour  of  metallic  glasses  and  films  is  determined,  not  only 
by  the  absolute  size  of  the  metal  particles,  but  also  by  the  proportion  of  the  total 
volume  thej  occupy  in  the  medium  in  which  they  are  diitused.  The  results  of 
Mr.  Qamett's  calculations  are  in  close  sgreement  with  a  number  of  the  observa- 
tions on  the  colour  and  microstructure  of  thin  metal  films  which  I  had  already 
recorded,  and  they  appear  to  me  to  supply  the  explanation  of  much  that  had 
appeared  puszling  before.  My  own  obserrations  lead  me  to  think  that  the  actual 
microscopic  particles  which  are  to  be  seen,  and  the  larger  of  which ]c&n;[ also  be 
measured,  in  films  and  solutions  or  suspensions,  do  not  in  any  way  represent  the 
ultimate  units  of  structure  which  are  required  b^  Mr.  Garnett's  theory,  but  that 
these  particles  are  aggregates  of  smaller  units  built  up  in  more  or  less  open  forma- 
tion. 

That  a  relatively  opaque  substance  like  gold  may  be  so  attenuated  that  when 
disseminated  in  open  formation  it  becomes  transparent  is  contrary  to  all  our 
associations  wilii  the.  same  operation  when  performed  on  transparent  substances 
like  glass  or  crystalline  salts.  The  familiar  experiment  of  crushing  a  transparent 
crystal  into  a  perfectly  opaque  powder  would  not  prepare  us  for  the  effect  of 
minute  subdivisiou  on  the  transparence  of  metals.  At  first  it  might  be  supposed 
that  this  difference  is  due  to  the  very  rough  and  incomplete  subdivision  of  the 
crystal  by  crushing ;  but  this  is  not  tlie  case,  for  the  perfectly  transparent  oxide  of 
magnesium  may  be  obtained  in  a  state  of  attenuation  comparable  with  that  of  the 
gold,  by  allowing  the  smoke  from  burning  magnesium  to  deposit  on  a  glass  plate. 
The  film  of  oxide  obtained  in  this  way  is  found  to  be  built  up  of  partictes  quite  as 
minute  as  those  of  which  the  gold  films  are  composed,  yet  the  opacity  of  the  oxide 
film  is  relatively  much  greater.  The  minute  particles  of  the  dielectric,  magnesium 
oxide,  scatter  and  dissipate  the  liffht  waves  by  repeated  reflection  and  refraction, 
while  the  similar  particles  of  IJae  metallic  conductor,  gold,  act  as  electrical 
resonators  which  pass  on  some  of  the  light  waves  while  reflecting  others.  Speci- 
mens of  films  of  gold  and  silver  and  of  magnesium  oxide  are  exhibited  on  the 
table  and  on  the  lantem  screen.  When  the  metallic  particles  are  in  this  state  of 
open  formation  and  relative  transparence,  it  was  found  that  the  electrical  con- 
ductivity of  the  films  had  completely  disappeared.  Films  of  this  description  were 
found  to  have  a  resistance  of  over  1,000,000  megohms  as  compared  with  only  six 
ohms  in  the  metallic  reflecting  condition. 

Molectdet  in  tlie  Solid  State, 

My  examination  of  gold  films  and  surfaces  has  revealed  the  fact  that  during 
polishing  the  disturbed  surface  film  behaves  exactly  like  a  liquid  under  the 
influence  of  surface  tension.  At  temperatures  far  below  the  melting-point  mo- 
lecular movement  takes  place  under  mechanical  disturbance,  and  the  molecules 
tend  to  heap  up  in  minute  mounds  or  flattened  droplets.  Hiese  minute  mounds 
are  often  so  shallow  that  they  can  only  be  detected  when  the  surface  is  illumi- 
nated by  an  intenssi  obliquely  incident  beam  of  light.  I  have  estimated  that  these 
minute  mounds  or  spicules  can  be  seen  in  this  way  in  films  which  are  not  more 
than  five  to  ten  micro-millimetres  in  thickness.  A  film  of  this  attenuation  may 
contain  so  few  as  ten  to  twenty  molecules  in  its  thickness. 

1^  When  moderately  thin  films  of  gold  are  supported  on  glass  and  heated  at  a 
temperature  of  400^-600^,  they  become  translucent,  and  the  forms  assumed  under 
the  influence  of  surface  tension  can  be  readily  seen  by  transmitted  light.  It  was 
in  this  way  that  the  beautiful  but  puzzling  spicular  appearance  by  obliquely 
reflected  light  was  first  explained  as  due  to  the  granulation  of  the  surface  under 
the  influence  of  surface  tension.    Photo-micrographs  of  these  films  are  exhibited. 

Turning  now  to  the  mechanical  properties  ot  metals,  we  find  that  gold  has 
proved  itself  of  great  value  in  the  investigation  of  some  of  these.  It  has  long  been 
recognised  as  the  most  malleable  and  ductile  of  the  metals,  whilst  its  chemical 
indifl'erence  tends  to  preserve  it  in  a  state  of  metallic  purity  throughout  any  pro- 
longed series  of  operations. 

The  artificers  in  gold  must  very  early  have  learned  that  its  malleabiUty  and 
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ductility  are  not  qualities  which  indefinitely  survive  the  operations  of  hammerinif 
and  wire-drawing.  A  piece  of  soft  gold  beaten  into  a  thin  plate  does  not  remain 
equally  soft  throughout  the  process,  but  spreads  with  increasing  difficulty  undef 
the  hammer.  If  carelessly  beaten  it  may  even  develop  cracks  round  its  edges.  We 
may  assume  that  the  artificers  in  gold  very  soon  discovered  that  by  heating,  the 
hardened  metal  might  be  restored  to  its  former  condition  of  softness. 

In  connection  with  the  study  of  the  micro-metallurgy  of  iron  and  steel  duripg 
recent  years  it  has  been  recognised  that  heat  annealing  is,  as  a  rule,  associated 
with  the  growth  and  development  of  crystalline  grains,  and  I'rofessor  Ewing  and 
Mr.  Rosenhain  have  shown  that  overstrain  is  often  if  not  invariably  associated 
with  the  deformation  of  these  crystalline  grains  by  slips  occurring  along  one  of 
more  cleavage  planes.  This  hypothesis,  though  well  supported  up  to  a  point  by 
microscopic  observations  on  a  variety  of  metals,  offers  no  explanation  of  ihe 
natural  arrest  of  malleability  or  ductility  which  occurs  when  tbe  overptrain  has 
reached  a  point  at  which  the  crystalline  grains  are  still,  to  all  appearance  only 
slightly  deformed.  At  this  stage  there  is  no  obvious  reason  why  tne  slipping  of 
t^e  crystalline  lamellte  should  not  continue  under  the  stresses  which  have  mitiAted 
it.  But  far  from  this  being  the  case,  a  relatively  great  increase  of  stress  produces 
little  or  no  further  yielding  till  the  breaking-point  is  reached  and  rupture  takee'plsce. 

The  study  of  the  surface  effects  of  polishing,  a)re&dy  referred  to,  had  snown 
that  the  thin  surface  film  retained  no  trace  of  crystalline  structure;  while  it  also 
gave  the  clearest  indications  that  the  metal  had  passed  through  a  liquid  condition 
before  settling  into  the  forms  prescribed  by  surface  tension.  From  this  it  was 
argued  that  the  conditions  which  prevail  at  the  outer  surface  might  equally  pre- 
vail at  all  inner  surfaces  whore  movement  had  occurred,  so  that  every  slip  of  one 
crystalline  lamella  over  another  would  cause  a  thin  film  of  the  metal  to  pass 
through  the  liquid  phase  to  a  new  and  non-crystalline  condition.  By  observations 
on  the  efliacts  of  beating  pure  gold  foil,  it  was  found  that  the  metal  reached  its 
hardest  and  least  plastic  condition  only  when  all  outward  traces  of  crystalline 
structure  had  disappeared.  It  was  also  ascertained  that  this  complete  destruction 
of  the  crystalline  lamellsB  and  units  could  only  be  accomplished  in  the  layers  near 
the  surface,  for  tbe  hardened  substance  produced  by  the  flowing  under  the  hammer 
appears  to  encase  and  protect  the  crystalline  units  after  they  become  broken  down 
to  a  certain  size.  By  carefully  etching  the  surface  in  stages  by  means  of  chlorine 
water  or  cold  aqua  regia,  the  successive  layers  below  the  surface  were  disclosed. 
The  surface  itself  was  vitreous;  beneath  this  was  a  layer  of  minute  granules, 
and  lower  still  the  distorted  and  broken-up  remains  of  crystalline  lamelln 
and  grains  were  embedded  in  a  vitreous  and  granular  matrix.  The  vitreous- 
looking  surface  layer  represents  the  final  stage  in  the  passage  from  sofl  to 
hard,  from  crystalline  to  amorphous.  By  heating  the  beaten  foil,  its  softness 
was  restored;  and  on  etching  the  annealed  metal  it  was  found  that  the 
crystalline  structure  also  was  fully  restored.  Photomicrog^phs  showing  these 
appearances  are  exhibited.  These  microscopic  observations  were  fully  con- 
firmed by  finding  well-marked  thermo-electrical  and  electro-chemical  distinctions 
between  the  two  forms  of  metal,  the  hard  and  soft  or  the  amorphous  and  the 
crystalline.  Tbe  determination  of  a  definite  transition  temperature  at  which  the 
amorphous  metal  passes  into  the  crystalline  metal  further  confirms  the  phase 
view  of  hardening  by  overstrain  and  softening  by  annealing. 

It  was  subsequently  proved  that  the  property  of  passing  fr(/in  crystaliirte  to 
amorphous  bu  mechanical  flow,  and  from  amorphous  to  ciystalline  by  heat  at  a  thfl-^ 
nite  transition  temperature^  is  a  general  one  which  is  possessed  by  all  crt/stalline 
solids  which  do  not  decompose  at  or  below  their  transition  temperature.  The  sig- 
nificance of  this  fact  I  venture  to  think  entitles  it  to  more  than  a  passing  reference. 
J  t  appears  to  me  to  mean  that  the  transition  from  amorphous  to  crystalline  is 
ontit^led  to  take  its  place  with  the  other  great  changos  of  state,  solid  to  liauid, 
liquid  to  gas,  for  like  these  it  marks  a  change  in  the  molecular  activity  which 
occurs  when  a  certain  temperature  is  reached.  It  is  entitled  to  take  thi^  place 
because  there  is  every  indication  that  the  change  is  as  general  in  its  nature  as  the 
other  changes  of  state.    Compare  it,  for  instance,  with  the  allotropic  changes  with 
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which  chemUts  have  been  familiar.  These  are  for  the  most  part  changes  which 
are  special  to  particular  elements  or  compounds,  and  are  usually  classed  with  the 
chemical  properties  by  which  the  substances  may  be  distinguished  from  each  other. 
Very  different  is  the  amorphous  crystalline  change,  for  although  in  particular  cases 
it  may  have  been  observed  and  associated  with  allotropic  changes,  yet  the  causes 
of  its  occurrence  are  more  deeply  founded  in  the  relations  between  the  molecules 
find  the  heat  energy  by  which  their  manifold  properties  are  successively  unfolded 
:as  temperature  is  raised  from  the  absolute  zero.  At  this  transition  point  we  find 
ourselves  face  to  face  with  the  first  stirrings  of  a  specific  directive  force  by  which 
;the  blind  cohesion  of  the  molecules  is  ordered  and  airected  to  the  building  up  of  the 
imost  perfect  geometric  forms.  It  is  hardly  pos^ble  any  longer  to  regard  the  sta- 
•bility  of  a  crystal  as  static  and  inert,  and  independent  of  temnerature ;  rather  must 
.its  structure  and  symmetry  be  taken  as  the  outward  manifestation  of  a  dynamic 
.equilibrium  between  the  primitive  cohesion  and  the  kinetic  energy  imparted  by 
iheat.  £ven  before  the  discovery  of  a  definite  temperature  of  transition  from  the 
;amorphous  to  the  crystalline  phase  we  had  in  our  hands  the  proofs  that  in  certain 
.cases  the  crystalline  state  can  be  a  state  of  dynamic,  rather  than  of  static,  equ- 
Jibrium.  The  transition  of  sulphur  from  the  rhombic  to  the  prismatic  form 
iBupplies  an  example  of  crystalline  stability  which  persists  only  between  certain 
narrow  limits  of  temperature.  Within  tnese  limits  the  crystal  is  a  *  living 
.crystal '  if  one  may  borrow  an  analogy  from  the  organic  world.  It  can  still  grow, 
:and  it  will  under  proper  conditions  repair  any  damage  it  may  receive. 

The  passage  of  the  same  substance  through  several  crystalline  phases,  each 
lOnly  stable  over  a  limited  range  of  temperature,  strongly  supports  the  general 
•conclusion  drawn  from  the  existence  or  a  stability  temperature  between  the 
amorphous  and  crystalline  phases,  namely,  that  the  crystalline  arrangement  of  the 
tnolecules  requires  for  its  active  existence  the  particular  kind  or  rate  of  vibration 
•corresponding  with  a  certain  range  of  temperature.  Below  this  point  the  crystal 
may  become  to  all  appearance  a  mere  peeudomorph  with  no  powers  of  active 
:growth  or  repair.  But  these  powers  are  not  extinct — they  are  only  in  abeyance 
ready  to  bo  called  forth  under  the  energising  infiuence  of  heat.  This  temporary 
abeyance  of  the  more  active  properties  of  matter  is  strikingly  illustrated  by 
the  early  observations  of  Sir  James  Dewar  at  the  boiling-point  of  liquid  air, 
and  more  recently  at  that  of  liquid  hydrogen.  At  the  latter  temperature  even 
chemical  afiinity  becomes  latent.  In  metals  it  was  found  that  the  changes  in 
their  physical  properties  brought  about  by  these  low  temperatures  are  not 
permanent,  but  only  persist  so  long  as  the  low  temperature  is  maintained.  During 
the  past  year  Mr.  iC.  A.  Hadfield  has  supplemented  these  earlier  results  by  making 
a  very  complete  series  of  observations  on  the  efiect  of  cooling  on  the  mechanical 
properties  of  iron  and  its  alloys.  The  tenacity  and  hardness  of  the  pure  metal 
lind  its  alloys  at  the  ordinary  temperature  and  at  - 182^  have  been  compared, 
und  it  has  been  found  that  these  qualities  are  invariably  enhanced  at  the  lower 
temperature,  but  that  they  return  exactly  to  their  former  value  at  the  ordinary 
temperature.  By  the  mere  abstraction  of  heat  between  the  temperatures  of  18" 
and  — 182^  the  tensile  strength  of  pure  metals  is  raised  60  to  100  per  cent.  In 
pure  iran  the  increase  is  from  23  tons  per  square  inch  at  18^  C.  to  52  tons 
at  -182^;  in  gold  from  15*1  tons  to  224  tons;  and  in  copper  from  19'5  tons 
U>  26'4.  This  increase  is  not,  I  think,  due  to  the  closer  approximation  of  the 
molecules,  for  the  coefficient  of  expansion  of  most  metals  below  (j°  is  extremely 
small.  Neither  is  it  due  t-o  permanent  changes  of  molecular  arrangement  or 
Aggregation,  for  Mr.  Iladfield  has  obtained  a  perfectly  smooth  and  regular  cool- 
ing curve  for  iron  between  18°  and  - 182°,  and  there  appears  to  be  no  indication 
of  the  existence  of  any  critical  point  between  these  temperatures.  Further,  the 
complete  restoration  of  the  original  tenacity  on  the  return  to  the  higher 
temperature  shows  that  no  permanent  or  irreversible  change  has  occurred  during 
cooling.  Everything  therefore  indicates  that  the  increase  of  tenacity  which  occurs 
^degree  by  degree  as  neat  is  removed  is  due  to  the  reduction  of  the  repulsive  force 
jyf  molecular  vibration,  so  that  the  primary  cohesive  force  can  assert  itself  more  and 
.more  completely  as  the  absolute  zero  is  approached.  r^  ^^^^T^ 
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The  metals  experimented  with  bj  Mr.  Hadfield  were  all  in  the  annealed  or 
crystalline  conditioOy  so  that  the  molecules  must  have  exerted  their  mutual 
attractions  along  the  directed  axes  proper  to  this  state.  It  is  to  be  expected  that 
similar  experiments  with  the  metals  in  the  amorphous  state  may  throw  light 
on  the  question  whether  and  to  what  extent  the  crystfdline  state  depends  on  a 
dynamic  equilibrium  between  the  forces  of  cohesion  and  repulsion,  or  whether 
a  directed  cohesion  exists  fully  developed  in  the  molecules  at  the  absolute  zero.^ 

The  phenomena  of  the  solid  state  throw  an  interesting  light  on  the  interplay 
of  the  two  great  forces,  the  primitive  or  blind  cohesion  which  holds  undisputed 
sway  at  the  absolute  zero,  and  the  repulsion  due  to  the  molecular  vibrations  which 
is  developed  by  heat.  This  interplay  we  know  continues  through  the  stat-es 
which  succeed  esch  other  as  the  temperature  is  raised,  till  appoint  is  reached 
at  which  the  molecular  repulsions  so  tar  outweigh  the  cohesive  force  that  the 
substance  behaves  like  a  perfect  gas.  The  problems  of  molecular  constitution  are 
more  likely  to  be  elucidated  by  a  study  of  the  successive  states  between  the 
absolute  zero  and  the  vaporising  temperature  than  at  the  upper  ranges  where 
the  gaseous  state  alone  prevails.  The  simplicity  of  the  laws  which  govern  the 
physical  behaviour  of  a  perfect  ^as  is  very  attractive,  but  we  must  not  forget 
that  this  simplicity  is  only  possible  because  repulsion  has  so  nearly  .overcome 
cohesion  that  the  latter  may  be  practically  ignored.  The  attractiveness  of  this 
simplicity  should  not  blind  us  to  the  fact  that  it  is  in  the  middle  region,  where 
the  opposing  forces  are  more  nearly  equal,  that  the  most  interesting  and  illumi- 
nating phenomena  are  likely  to  abound.  The  application  of  the  gas  laws  to  the 
phenomena  of  solution  and  osmosis  appears  to  oe  one  of  those  cases  in  which 
an  attractive  appearance  of  simplicity  in  the  apparent  relations  nuiy  prove  very 
misleading. 

Before  passing  from  the  specially  metallic  qualities  of  gold  I  will  only  remind 
you  of  the  important  part  it  has  played  in  the  researches  on  the  diffusion  of 
metals  by  the  late  Sir  William  Roberts-Austen,  and  in  those  of  Mr.  Haycock  and 
Mr.  Neville  on  the  freezing-points  of  solutions  of  gold  in  tin,  which  led  to  the 
recognition  of  the  monatomic  nature  of  the  molecules  of  metals. 

Molecules  in  SoltUion, 

It  has  occurred  to  me  that  the  practice  of  the  cyanide  process  of  gold  extrac- 
tion presents  us  with  several  new  snd  interesting  aspects  of  the  problems  of 
solution.  As  you  are  aware,  the  gold  is  first  obtained  from  the  ore  in  the  form 
of  a  very  dilute  solution  of  cyanide  of  gold  and  potassium  from  which  the  metal 
has  to  be  separated,  either  by  passing  it  through  boxes  filled  with  zinc  shavings, 
or  by  electrolysis  in  large  cells 

The  solution  as  it  leaves  the  cyanide-vats  may  contain  gold  equal  to  100  grains 
or  more  per  ton,  and  as  it  leaves  the  precipitating-boxes  it  may  contain  as  little 
as  1  or  2  grains  and  as  much  as  20  grains,  in  the  treatment  of  sltmes  much 
larger  volumes  of  solution  have  to  be  dealt  with,  and  in  this  case  solutions  con- 
taining 18  grains  per  ton  have  been  regularly  passed  through  the  precipitating^ 
boxes,  their  gold  content  being  reduced  to  l|  grain  per  ton.  In  round  numbers 
we  may  say  that  1  gram  of  gold  is  recovered  from  1  cubic  metre  of  solution, 
while  O'l  gram  is  left  in  the  solution.  Even  from  the  point  of  view  of  the 
physical  chemist  we  are  here  in  presence  of  solutions  of  a  very  remarkable  order 
of  dilution.  A  solution  contfuning  1  gram  per  cubic  metre  is  in  round  numbers 
N/200,000,  and  the  weaker  solution  containing  O'l  gram  is  N/2,000,000.  ^  It  is 
convenient  to  remember  that  the  latter  contains  a  little  more  than  1^  grain  per 
ton.  In  experiments  on  the  properties  of  dilute  solutions  the  extreme  pomt 
of   dilution  was  reached  by  Kohlmusch,  who  employed  solutions  containing 

*  Since  the  above  was  written  a  series  of  observations  has  been  made  on  the 
influence  of  low  temperature  on  the  tenacity  of  pure  metals  in  the  amorphous 
condition.  These  observations  will  form  the  subject  of  a  separate  commnnioation 
to  the  Septiofi.  ^  t 
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1/lOOyOOO  of  a  gram  molecule  of  solute  per  litre  for  his  condactivitj  experiments. 
These  solutions  were  therefore  twice  as  strong  as  the  gold  solution  with  1  gram 
per  cubic  metre,  and  twenty  times  as  strong  as  the  more  dilute  solution.  This 
met  must  be  my  excuse  for  placing  before  you  the  results  of  a  few  simple  calcula- 
tions as  to  the  molecular  distribution  in  these  solutions,  which  have  certainly 
given  me  an  entirely  new  view  of  what  constitutes  a  really  dilute  solution  from 
the  molecular  point  of  view. 

In  estimatm^  the  number  of  molecules  in  a  given  volume  of  solution  the 
method  adopted  is  to  divide  the  space  into  minute  cubical  cells,  each  of  which  can 
exactly  contain  a  sphere  of  the  diameter  of  the  molecule.  In  this  way  a  form  of 
piling  for  the  molecules  is  assumed  which,  though  not  the  closest  possible,  may 
quite  probably  represent  the  piling  of  water  molecules.  Taking  the  molecular 
diameter  as  0*2  x  10-^  millimetres->a  figure  which  is  possibly  too  small  for  the 
water  molecules  and  too  large  for  the  gold — it  is  found  that  a  cubic  millimetre  of 
solution  contains  125  x  10*»  molecules,  or  125  quadrillions.  The  head  of  an  ordi- 
nary pin,  if  it  were  spherical,  would  have  a  volume  of  about  1  cubic  millimetre. 

If  these  water  molecules  could  be  arranged  in  a  single  row,  each  molecule 
just  touching  its  two  nearest  neighbours,  the  length  of  the  row  would  be 
26,000,000  Hlometree.  A  thread  of  these  fairy  l^ads,  which  contained  the 
molecides  of  one  very  small  drop  of  a  volume  of  6  cubic  millimetres,  would  reach 
from  the  earth  to  the  sun,  a  distance  of  about  150,000,000  Mlometres. 

In  a  solution  containing  1^  grain  of  gold  per  ton,  or  1  decigram  per  cubic 
metre,  the  ratio  of  gold  molecules  «to  water  molecules  is  as  1  :  193,000,000.  Each 
cubic  millimetre  of  the  solution,  therefore,  contains  6,600,000,000  gold  molecules. 
If  these  are  uniformly  distributed  throughout  the  solution  each  will  be  about 
400  micro-millimetres,  or  1/00,000  of  an  inch,  from  its  nearest  neighbours.  This 
is  not  really  very  wide  spacing,  for  the  point  of  the  finest  sewing-needle  would 
cover  about  1,500  gold  molecules. 

If  a  cubic  metre  of  solution  could  be  spread  out  in  a  sheet  one  molecule  in 
thickness  it  would  cover  an  area  of  1,680  square  miles,  and  nowhere  in  this  area 
would  it  be  possible  to  put  down  the  point  of  the  needle  wit]iout  touching  some 
hundreds  of  gold  molecules  simultaneously. 

According  to  Professor  Liversidge,  sea- water  contains  on  the  average  about 
one  ^in  of  gold  per  ton.  If  this  is  the  case,  then  the  above  figures  for  the  dilute 
cyanide  solution  apply  with  only  a  slight  modification  to  sea-water.  No  drop, 
however  small  it  may  be^  can  be  removed  from  the  ocean  which  will  not  contam 
many  millions  of  gold  molecules,  and  no  point  of  its  surface  can  be  touched  which 
is  not  thickly  strewn  with  these.  From  this  molecular  point  of  view  we  must 
realise  that  our  ships  literally  float  on  a  gilded  ocean ! 

From  time  to  time  adventurers  arise  who  attempt  to  launch  upon  this  gilded 
ocean  nnsea worthy  ships  freighted  with  the  savings  of  the  trusting  investor.  In 
order  that  nothing  which  has  been  said  here  may  tempt  anyone  to  contribute  to 
the  freighting  of  these  ships,  let  me  hasten  to  point  out  that  the  weakest  of  the 
cyanide  solutions  here  referred  to  is  richer  in  gold  than  sea-water  is  reported  to 
be.  The  practical  conclusion  from  this  comparison  is  sufficiently  obvious.  If  the 
cyaniding  expert,  whose  business  it  is  to  extract  gold  from  dilute  solutions,  finds 
that  it  does  not  pay  to  carry  this  extraction  leyond  a  concentration  of  2  or  8  grains 
per  ton,  even  when  the  solution  is  already  in  his  hand,  and  when,  therefore,  the 
costs  of  treatment  are  at  their  minimum,  how  can  it  possibly  pay  to  begin  the 
work  of  extraction  on  sea-water,  a  solution  of  one-half  the  richness,  which  would 
have  to  be  impounded  and  treated  by  methods  which  could  not  fail  to  be  more 
costly  in  labour  and  materials  than  toe  simple  process  of  zinc-box  precipitation  ? 
It  is  generally  unsafe  to  prophesy,  but  in  this  case  I  am  rash  enough  to  risk  the 
prediction  that  if  ever  the  gold  mines  of  the  Transvaal  are  shut  up  it  will  not  be 
owing  to  the  competition  of  the  gold  resources  of  the  ocean. 

In  these  calculations  with  reference  to  the  dilute  cyanide  solutions  it  is 
assumed  that  the  gold  molecules  are  uniformly  distributed,  that  they  are  practi- 
cally equidistant  from  each  other.  There  appears  to  me  to  be  considerable  doubt 
wJhetber  we  have  any  right  to  make  this  assumption.    Leaving  out  of  account  for 
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the  moment  the  actiou  of  the  water  molecules,  it  woUld  appear  that  as  long  as  the 
gold  molecules  are  so  numerous  that  a  uniform  distribution  would  bring  them 
within  the  range  of  each  other's  attraction,  we  can  imagine  that  all  submerged 
molecules  would  be  in  equilibrium  so  far  as  the  attractions  of  their  own  kind  are 
concerned,  being  subjected  to  a  uniform  pull  in  all  directions.  This  condition 
would  certainly  make  for  uniform  distribution.  But  when  the  distance  between 
them  exceeds  the  range  of  the  molecular  forces,  it  is  evident  that  an  entirely  new 
condition  is  introduced,  and  it  seems  not  improbable  that  the  widely  distributed 
molecules  would  tend  to  drift  into  clouds  in  whicli  they  are  brought  back  within 
the  range  of  these  forces.  The  range  of  the  cohesive  forces  in  water  and  aqueous 
liquids  is  usually  taken  from  60  to  100  micro-millimetres,  and  I  am  disposed  to 
think  that  ten  times  this  amount  would  not  be  an  excessive  estimate  of  the  range 
in  the  ca£e  of  gold.  If  the  range  for  gold  be  taken  as  600  micro-millimetrefi,  then 
the  gold  molecules  of  the  dilute  gold  solution,  which  are  spaced  at  400  micro- 
millimetres  apart,  are  just  within  the  range  of  each  other*s  attraction,  and  their 
distribution  is,  therefore,  likely  to  be  uniform.  But  by  a  further  dilution  to  half 
concentration,  the  equilibrium  would  be  liable  to  be  disturbed,  and  denser  clouds 
of  gold  molecules  would  be  formed,  with  leas  dense  intervals  between  them. 

In  preparing  the  zinc  boxes  through  which  the  gold  solution  is  passed,  yery 
great  care  has  to  be  exercised  to  ensure  that  the  contact  surface  of  the  zinc  is  used 
to  the  best  advantage.  With  this  object  the  packing  of  the  zinc  shavmgs  is  so 
managed  that  the  solution  is  spread  over  the  zinc  surface  in  as  thin  sheets  aa  pos- 
sible. The  object,  of  course,  is  to  bring  as  many, of  the  gold  molecules  as  possible 
into  actual  contact  with  the  zinc.  The  gold  molecules  found  in  the  solution 
leaving  the  boxps  are  those  which  have  not  been  in  contact  with  the  zinc.  Vet 
we  haye  seen  that  these  molecules  are  still  so  numerous  that  they  are  within 
vrshnis  ^^  ^^  ^^^^  of  each  other.  If  these  molecules  are  in  a  state  analogous  to  the 
gaseous  state,  with  diffusive  energy  of  the  same  order  as  that  of  the  gas  molecule, 
it  is  difficult  to  imagine  how  they  can  ef>cape  without  coming  in  contact  with  the 
zinc  surface  during  their  tortuous  passage  through  the  boxes  and  being  deposited 
there.  Yet  they  do  escape,  eyen  when  the  velocity  of  the  solution  in  passing 
over  the  zinc  surfaced  is  so  slow  as  10  cm.  per  minute  or  1'6  mm.  per  second. 

We  mtiy  regard  the  condition  of  these  isolated  gold  molecules,  or  the  more 
complex  auricyanide  of  potassium  molecules,  as  typical  of  that  of  the  solute 
molecules  in  a  dilute  solution  of  any  non- volatile  solid.  They  are  solid  molecules 
sparsely  distributed  among  a  multitude  of  intensely  active  solvent  molecules,  the 
temperature  of  the  solution  being  many  hundred  degrees  below  that  at  which 
they  could  of  themselves  assume  the  greater  freedom  of  the  liquid  or  gaseous 
state.  These  solute  molecules  have  to  a  great  extent  been  set  free  from  the 
constraining  effect  of  their  cohesiye  forces,  but  it  is  important  to  remember  that 
this  freedom  has  not  been  attained  by  the  increase  of  Uuir  own  kinetic  energy  as  in 
liquefaction  by  heat.  Their  freedom  and  the  extra  kinetic  energy  they  haye 
acquired  have  in  some  way  been  imparted  to  them  by  the  more  active  solvent 
molecules;  for,  if  the  solvent  coula  be  suddenly  removed,  leaving  the  solute 
molecules  still  similarly  distributed  in  a  vacuous  space,  they  would  eventually 
condense  into  a  solid  aggregate.  This  must  be  the  case,  for  the  non-volatils  solute 
has  no  measurable  vapour  pressure  at  the  temperature  of  the  solution.  The 
kinetic  energy  of  the  solute  molecules  is  of  itself  quite  insufficient  to  endow  them 
with  the  properties  of  the  gaseous  or  even  of  tlie  liquid  molecule,  even  when 
their  cohesiye  forces  have  been  weakened  or  overcome  by  separation. 

If  the  energy  employed  in  this  separation  is  not  intrinsic  to  the  solute  molecule 
then  it  must  in  some  way  hare  been  imparted  by  the  solvent  molecules.  It  therefore 
becomes  important  to  compare  the  energy  endowment  of  one  set  of  molecules  with 
that  of  the  other. 

Compared  with  other  solids,  ice  at  its  freezing-point  has  very  little  hardneaa  or 
tenacity :  the  cohesion  of  its  molecules  has  been  much  relaxed  by  the  great  absor;^ 
tion  of  heat  energy  between  the  absolute  zero  and  the  freezing-point.  If  an  average 
specific  heat  of  0*6  over  the  whole  range  be  assumed,  the  heat  absorption  of  one 
gram  amounts  to  136*5  calories.    In  the  transition  to  the  liquid  state  at  0^  ^ 
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further  absorption  of  70  calories  takes  place,  so  that  a  gram  of  liquid  water  at  the 
freeziuff-poiiit  contains  the  heat  energy  of  215'5  calories.  The  fact  that  water  has 
the  hign  vapour  pressure  of  4*0  mm.  of  mercury  at  the  freezing-point  is  probably 
a  result  of  tnis  enormous  store  of  energy.  As  a  liquid^  therefore,  it  is  natural  to 
expect  that  its  molecules  will  exhibit  effects  proportionate  to  this  great  store  of 
energy.  This  expectation  appears  to  be  realised  when  we  consider  not  only  its 
properties  as  the  universal  solvent^  but  its  osmotic  and  diffusive  energy  in  solutions 
in  whidi  it  is  the  solvent. 

To  complete  the  comparison  it  is  only  necessary  to  calculate  the  heat  energy  of 
gold  at  OP.  Taking  its  specific  heat  as  0032,  a  gram  of  gold  at  0°  contains  8*7 
calories.  A  gram  molecule,  therefore,  contains  in  round  numbers  1,700  calories  as 
conipared  with  3,880  calories  in  a  gram  moleculo  of  water. 

raking  into  consideration  not  only  this  greater  store  of  energy,  but  also  the 
much  smaller  cohesive  force  of  water  as  compared  with  the  majority  of  solid 
solates,  there  can  be  no  doubt  that  the  active  rdle  in  aqueous  solutions  of  this 
type  must  be  assigned  to  the  solvent,  not  to  the  solute  molecules. 

This  leads  to  the  important  conclusion  that  the  energy  of  solution,  of  diffusion, 
and  of  osmosis  is  due,  not  to  the  ima>ginary  gaseous  energy  of  the  solute,  but  to  the 
actual  liquid  energy  of  the  solvent  molecules.  When  this  conclusion  is  reached  a 
new  physical  explanation  of  these  phenomena  is  in  our  hands,  and  we  are  relieved 
from  the  strain  to  the  imagination  involved  in  the  application  of  the  gas  theory  to 
solutions  of  non-volatile  solids. 

This  transference  of  the  active  r61e  to  the  solvent  molecules  does  not  in  any 
way  affect  the  well-established  c-onclunons  based  on  the  laws  of  thermo-dynamics 
as  to  the  energy  relations  in  these  phenomena,  for  it  has  always  been  recognised 
that  these  conclusions  have  reference  to  the  average  conditions  prevailing  in  large 
collections  of  relatively  minute  units.  Wherever  the  gas  analogy  has  appeared  to 
hold  it  has  not  necessarily  involved  more  than  this,  that  the  observed  effects  are 
in  proportion  to  the  number  of  these  minute  units  in  a  given  volume. 

In  applying  the  gas  theory  to  the  physical  explanation  of  osmotic  pressure  it 
has  been  the  custom  to  regard  this  pressure  as  directly  due  to  the  bombardment  of 
the  semi-permeable  membrane  by  the  solute  molecules.  But  this  conception  com- 
pletely ignores  the  fact  that  the  pressure  developed  is  a  hydrostatic,  not  a  gaseous 
pressure,  and  that  the  hydrostatic  pressure  results  directly  from  the  penetration  of 
the  solvent  molecules  from  the  other  side  of  the  partition. 

It  appears  to  me  more  natural  to  abandon  the  gas  analogy  altogether,  to 
regard  the  molecules  as  in  the  solid  and  li(^uid  condition  proper  to  their  tempera- 
ture, and  to  apportion  to  them  their  respective  parts  in  the  active  changes  accord- 
ing to  their  obvious  endowment  of  energy. 

Applying  this  view  to  the  case  of  a  solution  and  a  solvent  separated  by  a 
semi-permeable  membrane,  it  is  seen  that  the  pressure  rises  on  the  solution  side, 
because  the  pure  solvent  molecules  on  the  other  side  have  some  advantage  for  the 
display  of  their  energy  over  the  similar  molecules  in  the  solution.  This  effect  in 
its  most  general  form  may  be  attributed  to  the  dilution  of  the  solvent  by  the  solute 
molecules.  In  cases  where  the  osmotic  pressure  appears  to  obey  Boyle*8  law  the 
effect  is  exactly  measured  by  the  number  of  solute  molecules  per  unit  volume^ 
But  the  facts  of  this  position  are  in  no  way  changed  if  the  effect  is  taken  to  be  due 
to  the  activity  of  an  equal  number  of  solvent  molecules,  for  we  then  see  that  each 
solute  molecule  by  cancelling  tbe  activity  of  one  solvent  molecule  on  the  solution 
side  permits  a  solvent  molecule  from  the  other  side  to  enter  the  solution. 

What  the  exact  mechanism  of  this  cancellation  is  there  is  at  present  na 
evidence  to  show,  and  the  caution  originally  given  by  I^ord  Kelvin  with  reference 
to  the  undue  forcing  of  the  gas  analogy  must  also  be  applied  to  the  suggestion  now 

Eut  forward.  But  as  a  means  of  making  the  suggestion  a  little  more  clear  I  give 
ere  a  simple  diagram  on  which  a  represents  a  single  perforation  in  a  semi*^ 
permeable  membrane,  p,  on  both  sides  of  which  there  is  only  pure  solvent.  For 
the  sake  of  clearness  the  molecules  are  shown  only  as  a  single  row.  Normally 
there  will  be  no  passage  of  solvent  molecules  .from  side  to  side,  for  the  averaga- 
kin^tic  energy  of^the  molecules  on  both  sides  is  equal.    This,  state  of  equilibriunk 
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is  indicated  on  the  diagram  by  marking  with  a  cross  the  molecule  which  is  exactly 
halfway  through  the  partition. 

At  B  a  single  solute  molecule,  s,  has  been  Introduced  at  the  right  side.  If  this 
molecule  exactly  cancels  the  energy  of  one  solute  molecule  at  its  own  end  of  the 
row,  the  equilibrium  point  will  move  one  molecule  to  the  right,  the  solvent  mole- 
cules will  move  in  the  same  direction,  and  one  of  their  number  will  ent,er  on  the 
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solution  side.  So  long  as  the  row  includes  one,  and  only  one,  solute  molecule,  the 
equilibrium  will  remain  unchanged  and  no  more  solute  molecules  will  pass  in.  If 
another  solute  molecule  arrives  on  the  scene,  the  equilibrium  will  again  be  disturbed 
in  the  same  way  as  before,  and  another  solvent  molecule  will  pass  into  the  solution. 
This  mechanism  accomplishes  to  some  extent  the  work  of  a  'Maxwell  Demon,' 
in  so  far  at  least  as  it  takes  advantage  of  the  movement  of  individual  molecules  \jo 
raise  one  part  of  a  system  at  a  uniform  temperature  to  a  higher  level  of  energy. 

A  Mechanical  View  of  Dissociation  in  Dilute  Solutions, 

The  view  that  the  phenomena  of  solution  depend  on  the  relative  kinetic  energy 
of  the  solvent  and  solute  mo)ecule8  appears  to  apply  with  special  force  to  the  phe- 
nomena of  dissociation  in  dilute  solutions.  Under  the  gas  theory  there  does  not 
appear  to  be  any  reason  why  the  solute  molecules  should  dissociate  into  their  ions. 
So  obvious  is  this  absence  of  any  physical  motive  that  Professor  Armstrong  has 
happily  referred  to  the  dissociation  as  Mhe  suicide  of  the  molecules.'  Others  have 
proposed  to  ascribe  the  phenomenon  to  what  might  be  called  *  the  fickleness  of  the 
ions,*  thus  supposing  that  the  ions  have  an  inherent  love  of  changing  partners. 
These  may  be  picturesque  ways  of  labelling  certain  views  of  the  situation,  but  the 
views  themselves  do  hot  appear  to  supply  any  clue  to  the  physical  nature  of  the 
phenomena.  With  the  acceptance  of  the  view  that  the  phenomena  of  solution  are 
largely  due  to  the  kinetic  energy  of  the  solvent  molecules,  the  phenomena  of  dis- 
sociation also  appear  to  take  their  place  as  a  natural  result  of  this  activity.  For 
consider  the  situation  of  an  isolated  molecule  of  cyanide  of  gold  and  potassium 
closely  surrounded  by  and  at  the  mercy  of  some  millions  of  water  molecules  all 
in  a  state  of  intense  activity.  The  rude  mechanical  jostling  to  which  the  complex 
molecule  is  subjected  will  naturally  tend  to  break  it  up  into  simpler  portions 
which  are  mechanically  more  stable.  The  mechanical  analogy  of  a  ball  mill  in 
which  the  balls  are  self-driven  at  an  enormous  velocity  is  probably  rather  crude, 
but  it  may  at  least  help  us  to  picture  what,  on  the  vieyr  |iow  advanced,  must  be 
essentially  a  mechanical  operation. 
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In  importing  this  mechamofld  view  of  the  breaking  down  of  complex  into 
simpler  molecules  we  are  not  without  some  solid  basis  of  facts  to  go  upon.  My 
own  observations  have  shown  that  even  in  the  solid  state  the  crystalline  molecule 
can  be  broken  down  by  purely  mechanical  means  into  the  simpler  units  of  the 
amorphous  state;  and,  further,  that  the  water  molecules  of  a  crystal  may  by  the 
same  agency  be  broken  away  from  their  combination  with  the  salt  molecules. 
Since  the  publication  of  the  earlier  of  these  observations  I^rofesBor  Spring  has 
shown  that  the  acid  sulphates  of  the  alkali  metals  may  be  mechanically  decom- 
posed into  two  portions,  one  of  which  contains  more  acid,  and  the  other  more  base 
than  the  original  salt.  It  is  important  to  recognise  that  in  these  three  apparently 
short  steps  the  transition  has  been  made  from  the  overcoming  of  the  simple  cohesion 
of  siipilar  molecules  in  contact  with  each  other  to  the  breaking  asunder  of  the 
chemical  union  of  dissimilar  molecules.  At  each  step  the  solid  molecules  appear, 
not  as  mere  ethereal  abstractions,  but  as  substantial  portions  of  matter  whicn  can 
be  touched  and  handled  mechanically. 

The  physical  properties  of  a  gas  are  primarily  due  to  its  beiog  an  assemblage  of 
rapidly  moving  molecules.  These  simpler  and  more  general  properties  can  coexist 
with,  and  may  be  modified  by,  the  more  complex  relations  introduced  by  chemical 
affinity  as  it  occurs  in  compound  gases  and  mixtures. 

It  appears  to  me  quite  legitimate  similarly  to  regard  the  physical  properties  of 
a  Uguid  as  due  to  its  being  an  aseemblage  of  rapidly  moving  molecules.  The  liquid 
system  is  highly  condensed,  and  the  motions  of  its  molecules  are  controlled  by  the 
cohesive  as  well  as  by  the  repulsive  forces.  The  closer  approximation  of  the  mole- 
cules may  reduce  their  mean  free  path  to  an  extremely  smaU  amount,  or  it  may 
even  cause  their  translatory  motion  to  disappear,  so  that  the  whole  kinetic  energy 
of  the  liquid  molecules  may  be  in  the  form  of  rotation  or  vibration. 

As  we  can  imagine  a  perfect  gas,  so  also  may  we  ima^riue  a  perfect  liquid,  the 
physical  properties  of  which  are  as  simply  related  to  the  laws  or  dynamics  as  are 
those  of  the  gas.  But  the  conditions  of  the  liquid  state  being  also  those  most 
favourable  to  the  play  of  chemical  affinity,  the  internal  equilibrium  of  solutions  or 
of  mixed  liquids  must  be  a  resultant  of  this  affinity  together  with  the  primary 
forces  of  the  ideal  liquid  state. 

An  ideally  perfect  solution— that  is,  a  solution  the  physical  properties  of  which 
are  determined  solely  by  the  number  of  molecules  it  contains  in  a  given  volume — 
must  consist  of  a  solvent  and  a  solute  which  have  no  chemical  affinity  for  each 
other,  so  that  their  molecules  will  neither  associate  nor  dissociate  in  solution.  Prob- 
ably only  comparatively  few  solutions  will  be  found  which  even  approximate  to 
this  ideal  perfection.  But  it  appears  to  me  that  the  study  of  the  problems  of  the 
liquid  and  the  dissolved  states  may  be  much  simplified  by  the  recognition  (1)  that 
the  primary  physical  properties  of  liquids  and  solutions  are  dne  to  the  fact  that 
they  are  assemblages  of  molecules  endowed  with  the  amount  and  the  kind  of 
kinetic  energy  which  is  proper  to  their  temperature ;  and  (2)  that  as  these  primary 
physical  properties  of  the  liquid  and  dissolved  states  may  be  masked  and  interfered 
with  by  chemical  affinity,  they  should  be  studied  as  far  as  possible  in  examples 
where  the  influence  of  this  force  is  either  absent  or  at  a  minimum. 


CAPE  TOWN. 

WEDNESDA  F.  A  UO  TIST  16. 

The  following  Papers  were  read : — 

1.  Recent  DevelopmenU  in  Affricuhwral  Science.      By  A.  D.  Hall,  M,d. 

See  BeportSy.  p.  266. 

2.  Recent  Reaea/rches  on  the  Assimilatory  Processes  of  Plants, 
By  Horace  %  Brown,  Zi^.i);,  F,R.S. 
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3.  The  E6le  of  Enzymes  in  Plant  Economy/. 
By  Dr.  E.  Frankland  Armstrong. 

In  studying  the  synthesis  of  disaccharides,  both  by  means  of  acids  and  by 
means  of  enzymes,  attention  must  be  directed  to  the  following  points : — 

1 .  That  acid  and  enzyme  action  are  fundamentally  similar. 

12.  That  the  distinction  between  them  arises  from  the  latter  acting  eeleetiTelyy 
in  consequence  of  their  power  of  associating  themselves  with  the  hrfdrolyte. 

3.  That  the  condition  of  the  carbohydrate  in  solution  is  of  primtary  importance^ 
but  tliat  this  condition  may  to  some  extent  be  determined  by  the  emyme. 


THURSDAY,  AUGUST  17, 
The  following  Papers  and  Reports  were  read  : — 

1.  The  PropagcUion  of  Explosions  in  Gases, 
By  Professor  H.  B.  Dixon,  F,E,S. 

The  author  gave  a  history  of  the  researches  on  the  propagation  of  explosions  im 
gases,  and  discussed  Berthelot's  theory  and  his  own  *  sound-wave '  theory  on  the^ 
mode  of  propagation.  Photographs  of  the  explosion-wave  were  shown,  and  the 
author  explained  how  he  had  followed  photographically  the  flame  from  its  initia- 
tion until  the  setting  up  of  the  '  detonation/  and  pointed  out  the  influence  of  the . 
position  of  the  spark  and  the  length  of  the  column  of  exploding  gases. 

Experiments  (now  being  carried  out^  on  the  specific  heat  of  gases  at  high* 
temperatures,  showing  how  the  velocity  ot  sound  mignt  be  determined  in  a  heated. 

gas,  were  a^so  descril^. 

• 

2.  Tfie  Influence  of  Phase  Changes  on  the  Tenacity  of  Ductile  Metals  cU  the  • 
Ordinary  Temperature  and  at  the  Boiling-point  of  Liquid  Air,  By/ 
G.  T.  Beilby  and  H.  N.  Beilby,  B.Sc. 

The  observations  recorded  in  this  paper  are  intended  to  prepare  the  way  for  ■ 
a  more  direct  attack  on  the  problems  of  molecular  cohesion,  by  the  establishment 
of  clearer  views  as  to  the  influence  of  changes  of  phase  on  the  tenacity  of  ductile . 
metals  at  various  temperatures. 

According  to  the  phase  theory  of  the  hard  and  soft  states  in  metals  which  was  *. 
first  developed  by  one  of  the  authors  moit»  than  a  year  ago,  the  changes  of  state  from , 
hard  to  sofc  and  from  soft  to  hard  were  shown  to  be  due  to  the  changes  of  phase  • 
brought  about,  in  the  one  case  by  heat,  and  in  the  other  by  mechanical  deforma-  • 
lion  or  fiow.  In  the  ductile  metals  the  crystalline  is  the  mechanically  unstable 
phase,  while  the  amorphous  only  becomes  thermally  unstable  when  a  definite, 
temperature  is  reached. 

The  comparative  mechanical  instability  of  the  two  phases  is  well  illustrated' 
in  the  stretching  of  wires  under  tension.    Annealed  wires,  which  are  in  the  C 
phase,  stretch  when  they  are  stressed  beyond  the  yield  point;   hardened  wires,, 
which  are  partly  in  the  *A  phase,  do  not  stretch — they  break  without  extension 
when  their  limit  of  tenacity  is  reached. 

The  homogeneous  C  phase  in  ductile  metals  has  no  ti'ue  breaking-point— it 
yields  and  stretches  when  stressed  beyond  the  elastic  limit,  and  in  so  doing  it 
passes  partly  into  the  A  phase,  and  rupture  occurs  at  the  breaking-point  o/^  M^ 
vilxed  structure.  The  tenacity  of  the  mixed  structure  approaches,  but  never 
quite  reaches,  that  of  the  homogeneous  A  phase.  For  the  purpose  iu  view  it 
YfBA  necessary  to  obtain  the  metals  as  nearly  as  possible  in  this  homogeneous 
condition. 

Wire  drawing  was  the  means  employed  for  the  breaking  down  of  the  C  phase. 
After  a  wire  has  been  stretched  to  four  or  five  times  its  original  length  by 
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drawing  it  through  the  holes  of  a  wire  plate,  all  the  ordinary  traces  of  crystalline 
•structure  disappear,  but  it  still  consists  of  minute  granules  of  the  C  phase 
•embedded  in  a  matrix  of  the  A  phase.  Further  drawing  at  the  same  tempera- 
ture alters  the  mixed  structure  only  slightly;  for  each  temperature  there 
appears  to  be  a  certain  mechanical  equilibrium  between  the  phai^es.  By  lowering 
^the  temperature  of  drawing  the  C  phase  is  further  broken  down  into  still 
smaller  granules,  and  the  mixture  approaches  more  nearly  to  the  homogeneous 
Aetete. 

The  observations  were  made  on  wires  which  had  been  as  completely  as 
ipossible  converted  into  the  A  phase  by  wire  drawing  at  the  ordinary  temperature, 
•and  in  every  case  the  tenacity  observed  was  higher  than  any  which  has  been 
recorded  by  previous  observers  for  equally  pure  metals. 

Gold,    Purity— 9,997  per  10,000. 

Tenacity  at  288°  absolute  (15®  C.)        15-6  tons  per  square  inch. 
63®        „        (- ISO®  C.)  22-4        „ 
Silver.    Purity— 10,000  per  10,000, 

Tenacity  at  288®  absolute  (16®  C.)        257  tons  per  square  inch. 
53®         „        (-180®C.)3i-4 
'Copper.    (Conductivity  100%) 

Tenacity  at  288®  absolute  (15°  C.)       28*4  tons  per  square  inch. 
„  53®        „        (-180®C.)36  0 

The  wires  broken  at  the  ordinary  temperature  showed  no  general  stretching. 
There  was  a  slight  extension  of  from  ^  to  1  per  cent.,  due  entirely  to  a  sharp  reduction 
of  diameter  at  the  actual  point  of  rupture.  At  the  boiling-point  of  liquid  air  all 
the  wires  stretched  from  11  to  12  per  cent.  This  stretching  was  uniform  over  the 
whole  length  between  the  grips.  This  was  confirmed  by  exact  measurements  of 
the  diameter  at  a  number  of  points. 

The  appearance  of  the  fractured  ends  reveals  several  points  of  interest.  In 
every  case  the  copper  wires  showed  the  cupped  formation  at  the  extreme  end. 
This  formation  is  evidently  due  to  the  lower  tenacity  of  the  central  core,  due  to 
the  presence  of  gas  bubbles  which  have  been  drawn  out  into  long  tubes  or  cells. 
The  silver  wires  occasionally  showed  a  slight  cupped  formation,  but  in  this  case 
the  gas  bubbles  to  which  it  was  due  were  globular,  as  if  they  had  been  evolved  at 
the  moment  of  fracture.  The  gold  wires  were  practically  free  from  sponginess,  and 
the  fractures  were  almost  perfectly  viscous. 

By  drawing  wires  at  the  lowest  possible  temperatures  it  is  hoped  to  obtain  the 
ductile  metals  in  their  condition  of  maximum  tenacity,  and  from  the  figures  then 
available  to  be  able  to  calculate  the  molecular  cohesion  at  the  absolute  zero. 


3.  On  tlie  Atomic   Weight  of  Chlorvie, 
By  Professor  H.  B.  Dixon,  F.R.S. 

The  author  described  the  experiments  made  in  conjunction  with  E.  C.  Edgar 
on  the  direct  burning  of  a  known  weight  of  hydrogen  in  a  known  weight  of 
chlorine — the  hydrogen,  prepared  by  electrolysis  of  barium  hydrate,  being  occluded 
in  palladium,  and  the  chlorine,  prepared  by  the  electrolysis  of  fused  silver  chloride, 
being  weighed  in  the  liquid  state.  The  resulting  atomic  weight  is  higher  than 
that  of  Stas,  but  is  in  close  agreement  with  the  recent  work  of  I'rofessor  Theodore 
Kichards. 

4.  The  Viscosity  of  Liquid  Mixtures  at  the  Temperature  of  their 
Boiling-points.    By  Dr.  Alexander  Findlay. 

The  large  amount  of  work  which  has  recently  been  carried  out  on  the  viscosity 
of  mixtures  has  not  to  any  great  extent  been  found  capable  of  wide  generalisation. 
One  reason  for  this  is,  no  doubt,  to  be  found  in  the  choice  of  the  temperature  at 
which  the  viscosity  of  the  mixtures  was  determined.    Hitherto  all  investigations 


366  ttEPORt— 190S. 

have  been  carried  oat  at  one  temperature,  and,  as  the  result  of  these  ^termliui- 
tioDs,  it  has  been  found  that  the  visooaitj->coiiiposition  curve  for  binary  mixtures 
may  exhibit  a  maximum  or  minimum  of  viscosityy  or  may  be  an  almost  stn^ht 
line  joining  the  values  for  the  viscosity  of  the  pure  liquids. 

In  the  present  investigation  the  viscosities  of  the  mixtures  were  determined  at 
the  temperature  of  the  boiling-point  of  tbe  mixture,  in  which  case  it  was  expected 
viscosity  curves  would  be  obtained  similar  in  form  to  the  boiling-point  curves,  and 
that  maxima  and  minima  in  the  boiling-point  curve  would  be  represented  by 
minima  and  maxima  respectively  in  the  viscosity  curve.  In  the  case  of  benzene 
and  methyl  alcohol,  the  viscosities  of  which  at  the  respective  boiling-points  are 
nearly  the  same,  this  expectation  appears  to  be  realised.  Where  the  viscosities 
of  the  pure  liquids  at  their  boiling-points  are  not  the  same  certain  oomplicationsi 
not  yet  fully  worked  out,  are  met  with.  . 

In  addition  to  the  preceding  line  of  investigation,  it  is  proposed  to  study  also 
the  '  mean  molecular  weight '  of  the  mixture,  with  a  view  to  ascertaining  the 
effect  of  association  in  the  production  of  irregularities  in  the  viscosity  curve. 


Report  of  Hie  Contmitlee  on  Wavelem/th  Tables  of  the  Spectra  of  the 
JSlemerUs  and  Compounds. — See  Reports,  p.  105* 


Report  of  the  Committee  on  the  Study  oj  Hydro-aromatic 
Substances. — See  Reports,  p.  163. 


FRIDAY,  AUGUST  18. 

The  following  Papers  and  Report  were  read : — 

1.  A  South  African  Mineral  Spring ^ 
By  Professor  P.  D.  Hahk,  Ph.D.,  M.A. 

The  thermo-chalybeate  spring  at  Caledon  is  the  most  remarkable  of  its  kind 
in  the  British  Empire.  The  spring  yields  daily  160,000  gallons  of  water,  and  the 
temperature  of  the  water  at  the  eye  of  the  spring  is  120°  F.  (49°  C).  The  water 
was  found  to  have  the  following  composition.  One  thousand  parts  of  water  con- 
tain:— 

Hydric  ferrous  carbonate 0*0460 

8odic  sulphate 0*0123 

Ck)mmon  salt 0-0575 

Silica 00267 

Alumina 00108 

Calcic  sulpliate 00232 

„     carbonate trace 

Magnesic  sulphate 0*0150 

Potash trace 

Total  mineral  ingi-edients 01 905 

In  judging  a  chalybeate  water  the  important  point  is  whether  the  physiolo^cal 
and  therapeutical  effect  of  the  use  of  the  water  has  detinitely  proved  that  the  iron 
compounds  in  the  water  have  been  absorbed  into  the  system.  The  quantity  and 
quality  of  the  accompanying  constituents,  rather  than  the  absolute  quantity  of  the 
iron  compounds  in  a  water,  decide  whether  it  is  to  be  counted  among  the  chaly- 
beate waters.  In  the  Caledon  water  the  accompanying  saline  constituents 
which  come  into  account— viz.,  common  salt,  sodic  sulphate,  and  magnesic 
sulphate — form  only  a  very  small  quantity,  which  does  not  in  the  least  prevent 
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tke  absorption  of  the  liydric  ferrous  carbonate  iuto  the  system.  The  Oaledon 
spring  has  pro?evl  an  etfective  cure  for  anasoxia;  as  far  as  this  ailment  can  be 
relieved  by  the  use  of  chalybeate  waters. 

Denoting^  by  the  term  purity  ratio  the  ratio  of  the  total  mineral  ingredients  to 
the  unit  of  hydric  ferrous  carbonate,  and  comparing  the  composition  of  the  most 
famous  pure  chalybeate  waters  of  th<3  world,  it  is  found  that,  as  regards  purity 
ratio,  the  Galedon  waters  hold,  with  the  waters  of  Spa,  the  first  place ;  while 
physically  they  are  unique,  no  other  pure  chalybeate  water  approaching  in 
temperature  the  Caledon  water. 


2.  The  Need  for  Organised  Chemical  Research  in  Gape  Colony, 
By  C.  F.  JuBiTz,  M.A, 

In  the  past  very  scanty  attention  has  been  paid  to  purely  scientific  research  in 
Gape  Colony,  and  in  the  records  of  the  two  colonial  institutions  whose  functions 
consist  in  encouraging  scientific  inquiry  there  is  scarcely  a  trace  of  any  chemical 
research  undertaken  for  ite  own  sake.  Half  a  century  ago  Fappe  remarked  on 
the  probability  that  many  useful  drugs  awaited  discovery  in  South  Africa,  and 
deplored  the  absence  of.  scientific  research.  Yet  practically  all  information 
possessed  on  that  subject  at  the  present  day  is  due  to  the  farmer,  the  traveller, 
and  the  native. 

Several  investigations  have,  however,  been  made  in  the  Government  labora^ 
tories  under  the  author's  charge,  which  reveal  the  need  of  more  thorough  research. 
Of  these  instances  are  given. 

Gonsiderable  tracts  of  common  Jwere  found,  tlirougb  deficiency  in  phosphates, 
to  produce  stunted  oat  crops.  This  led  the  author  to  recommend  a  chemical 
survey  of  the  soils  of  the  Colony.  An  area  of  27,000  square  miles  has  been 
exanuned,  on  an  average  one  sample  being  taken  from  every  sixty  square  miles. 
This  work,  at  first  interrupted  b^  the  war,  has  now  been  entirely  suspended  on 
account  of  the  financial  depression.  The  investigation  had  shown  that,  out  of 
eighteen  divisions  examined,  eight  were  deficient  in  lime,  two  poor  in  potash,  and 
tlurteen  were  lacking  in  phosphates. 

A  curious  feature  in  the  soil  of  manpr  parts  of  the  Colony  is  the  existence  of 
small  hillocks,  about  three  or  four  feet  m  height  and  twenty  or  more  yards  across. 
There  is  a  tradition  amongst  farmers  that  such  hillocks  are  more  fertile  than  the 
surroundinff  soil,  and  recent  chemical  analyses  have  confirmed  this  view.  The 
origin  of  these  hillocks  is  unknown,  but  a  popular  idea  is  that  they  owe  their 
existence  primarily  to  the  labours  of  ants,  beetles,  and  other  insects. 

The  soils  of  the  Colony  do  not  appear  to  depend  for  their  fertility  upon  the 
nature  of  the  underlying  geological  formation  to  the  extent  that  may  be  supposed. 
Primary  soils  have  been  observed  to  be  poorly  supplied  with  the  essential  elements 
of  fertility,  while  alluvial  soils,  originally  derived  from  the  same  rock,  are  incom- 
parably more  fertile. 

Many  soils  overlying  metamorphic  slates,  sandstones,  and  intrusive  granite 
are  poor  in  lime,  and  it  nas  been  found  that  fruit-trees  growing  on  such  soils  are 
the  more  liable  to  the  attacks  of  insecte  and  fungi,  while  the  wheat  crops  are  the 
more  easily  afiected  by  rust. 

Examinations  of  some  of  the  indigenous  fodder-plants  of  the  Karroo  have  been 
made.  Certain  of  these  plants,  such  as  Mttembryantheinum  fpinosum  and  Angea 
capetms,  supply  the  stocK  with  moisture  as  well  as  with  solid  nutriment  in  an 
arid  district  where  droughts  are  frequent.  The  Euphorbia  Caput  Medutfee  would 
form  a  very  succulent  and  nutritious  cattle-food  if  means  could  be  devised  for 
ridding  it  of  a  resin  which  seems  to  prevent  its  use. 

The  natural  pests  of  the  country  include  the  prickly  pear  and  locusts,  and 
efl^orte  are  being  directed  towards  turning  these  to  good  account.  The  former,  if 
rid  of  its  spines,  possesses  all  the  chemical  elements  of  a  nutritive  cattle-food,  and 
dried  locusts  are  also  valuable  in  this  respect.  For  the  latter  a  demand  is  being 
created  for  poultry  feeding. 
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Determi nations  of  tannin  have  been  made  in  the  barks  of  several  trees  and  in 
other  vegetable  products.  The  bark  of  the  Oape  beech  yielded  15*96  per  cent,  of 
tannin.  In  Acacia* scdigna  and  Acacia  pycnantha  the  percentages  ranged  front 
10  to  22  and  from  18  to  26  per  cent,  respectively.  The  rhizome  of  Rumex 
cordatUa  contained  11  per  cent,  and  the  'Ntolwane  tuber  14*4  per  cent.  Experi- 
ments showed  that  it  was  possible  to  raise  the  tannin  in  Acacia  pycnantha  from 
26  to  34  per  cent,  by  judicious  slitting. 

The  advisability  of  growing  sugar  beets  upon  soils  containing  relatively  much 
potash  but  little  lime  is  suggested. 

It  has  been  found  that  Cape  vines  grafted  upon  American  stocks  bear  far 
more  luxuriantly  than  when  grown  upon  their  own  roots,  and  hence  lead  to  a 
more  rapid  exhaustion  of  the  soil — an  important  fact  to  remember  in  connection 
with  the  reconstitution  of  colonial  vineyards  by  means  of  grafted  vines. 

The  Cape  climate  has  been  found  to  have  a  marked  effect  on  the  milk  produced 
by  thoroughbred  Friesland  cows  bom  in  the  Colony.  Although  the  Frisian  strain 
be  kept  pure,  acclimatisation  appears  gradually  to  produce  an  all-round  increase 
in  the  milk  solids. 

Much  attention  should  be  paid  to  the  indigenous  plant  poisons  and  drugs. 
Poisonous  principles  have  been  obtained  from  Tiichilia  Dregei,  E.  Mayer,  and 
Afesetnbri/anthemum  tortuosum,  L.  An  alkaloid  resembling  quinine  therapeutically, 
but  differing  from  it  chemically,  was  extracted  from  the  Umjela,  or  quinine  tree 
(Taberruemontana  ventricasa),  which  abounds  in  the  Transkei.  Jiuphane  toxicaria^ 
Ilerb.,  and^cocan^^ra  ven^naf a,  Don,  contain  poisons  which  exhibit  characteristic 
chemical  reactions,  and  a  poisonous  resin  was  found  in  Polygonum  tomentosum. 
An  unknown  poison  has  also  been  discovered  in  Ornithogalwn  thyrsoides.  Alkaloids 
and  glucosides,  as  well  as  oils,  I'esins,  and  compounds  of  the  aromatic  series  in 
abundance,  await  discovery  and  employment. 

Several  analyses  of  Cape  fishes  have  been  made,  with  a  view  to  glean  informa- 
tion as  to  their  nutritive  value.  From  Thyrsites  atun  an  oil  was  extracted  of  a 
lower  viscosity  than  sperm  oil,  but,  as  regards  gumming,  similar  to  rape  oil.  As 
far  as  experiments  have  gone,  this  oil  seems  suitable  for  light  work  at  low 
temperatures. 

In  various  parts  of  the  Colony  clays  have  been  found,  some  of  which  cdmpare 
well  in  chemical  composition  with  the  best  fireclays — Stourbridge,  for  example ; 
others  maybe  used  for  similar  purposes  to  the  Torbay  paints.  Besides  thesei 
there  are  loiolins  resembling  the  Cornwall  'china  clays.* 

Mineral  pitch  has  been  observed  in  samples  brought  from  the  Knysna  and 
Barkly  East  districts.  Tlie  latter  is  a  limestone  possessing  all  the  characters  of 
asphalt  rock,  and  is  said  to  occur  in  large  quantities. 

Curious  occurrences  of  free  chlorine  were  reported,  due  apparently  to  natural 
hypochlorites. 

The  water  question  on  the  Government  railway  system  is  of  great  moment, 
and  immense  loss,  direct  and  indirect,  is  annually  caused  to  the  administration 
through  the  unavoidable  employment  of  bad  water. 

There  is  a  vast  field  awaiting  research  on  all  these  subjects,  and  others 
besides,  and  an  urgent  necessity  exists  for  finding  means  to  carry  on  many 
investigations  of  the  highest  importance. 


3.  On  an  Important  Characteristic  of  Cape  Wines, 
By  Hbinrich  Tibtz,  Ph.D,,  M.A, 

The  several  varieties  of  vines  cultivated  at  the  Cape  and  known  as  Green 
Grape,  Stein  Grape,  red  and  white  Musciidel  Grape,  Ilanepot  Grape,  and  Pontac, 
appear  to  have  been  introduced  shortly  after  the  occupation  of  the  Cape  by  the 
Dutch. 

These  varieties  were  brought  from  the  Rhine  and  from  France  at  the  end  of 
the  seventeenth  century,  and  have  in  the  warm  climate  of  the  Cape  in  course  of 
time  considerably  chang^  their  original  character.  ^  t 
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At  the  Cape  ^apes  always  become  perfectly  ripe,  and  when  ripe  contain  more 
8ugar  and  les8  acid  tnan  the  ripe  grapes  on  the  Rhine  and  in  other  wine^producing 
countries  of  £urope.  Notwithstanding  this  there  is  a  standing  reproach  against 
Cape  wines  in  the  assertion  that  they  are  more  acid  than  European  wines.  The 
author  has  examined  some  three  hundred  samples  of  Gape  wines  from  wine  mor^ 
oUants  and  wine  farmers,  and  found  that  this  allegation  cannot  be  upheld. 


Report  of  the  Committee  on  the  Transfonnation  of  Aromatic  Nitro- 
amities  and  Allied  Sithataiices^  and  its  Relation  to  StihstitxUion  in 
Benzene  Derivatives, — See  Reports,  p,  103, 


JOHANNESBURG. 

TUE8DA  r.  AUGUST  29. 

After  the  President  had  delivered  his  Address  (see  p.  351)  the  following 
Papers  were  read  : — 

1.  How  Oxygen  Assists  and  Retards  the  DissohUion  of  Gold  in  Cyanide 
Solutions,    By  H.  Forbks  Julian. 

A  doubt  has  for  some  time  existed  as  to  the  accuracy  of  the  generally  accepted 
idea  that  free  oxygen  is  primarily  essential  for  the  dissolution  of  gold  in  cyanide 
solutions,  according  to  the  equation — 

4KCy  +  2Au  +  0  +  H,0  =  2KAuCy,  +  2K0H. 

Experiments  are  described  which  go  to  show  (I)  that  free  oxygen  plays  no 
primary  part  in  the  reaction,  (2)  that  any  assistance  given  by  free  oxygen  is  of  a 
secondary  nature,  and  (3)  that  free  oxygen  exerts  a  retarding  influence. 

The  experiments  show  that  the  galvanometer  points  to  the  presence  of  free 
oxygen  as  having  a  retarding  influence  on  the  dissolution  of  the  gold,  whereas  the 
balance  points  to  it  being  of  material  assistance.  The  cause  of  the  two  instrumenta 
not  agreeing  is  discussed,  and  is  attributed  to  the  formation  of  local  voltaic  circuits. 
These,  in  the  first  instance,  deposit  hydrogen  and  oxygen,  which,  it  may  be  as- 
sumea,  become  occluded  at  their  respective  electrodes  until  the  systems  are  in 
equilibrium.  It  is  pointed  out  that  cyanogen  leaves  the  solution  to  combine  with 
the  gold  rather  than  that  gold  particles  pass  into  the  solution,  and  it  is  shown  that 
cyanogen  does  not  leave  the  solution  until  the  deposited  oxygen  has  been  occluded 
to  a  certain  degree  of  concentration.  The  reason  for  this  is  that  the  expenditure 
of  energy  necessary  to  remove  oxygen  from  the  solution  is  less  than  that  neces- 
sary to  remove  cyanogen ;  but  when  oxygen  is  occluded  to  a  certain  concentration, 
the  expenditure  of  energy  then  necessary  to  cause  the  metal  to  occlude  a  further 
amount  becomes  as  great  as  that  necessary  to  begin  to  remove  cyanogen  from  the 
solution.  The  available  energy  is  obtained  from  the  metal  and  solution,  and  it 
follows  that  when  the  solution  is  very  dilute  the  available  energy  is  too  small  to 
remove  cyanogen,  oxygen  being  then  alone  deposited.  From  this  it  may  be  con- 
jectured that  no  metal  actually  combines  with  cyanogen  until  the  solution  has 
a  certain  minimum  strength. 

The  presence  of  dissolved  oxygen  in  the  solution  has  a  secondary  eflect  in  the 
process  of  dissolution,  by  oxidising  the  occluded  hydrogen  produced  through  the 
action  in  the  local  voltaic  circuits.  This  results  in  upsetting  the  equilibrium,  and 
introducing  into  the  circuits  concentration  gas  cells,  which  soon  bring  about  equili- 
brium again,  but  this  time  with  oxygen  at  both  electrodes  at  different  concentra- 
tions, instead  of  hydrogen  and  oxy^.  If,  now,  excess  of  dissolved  oxygen  diffuses 
to  dther  of  the  electrodes  the  equilibrium  is  again  upset,  and  an  E.M.f*.  is  gene- 
rated by  the  gas  cell  in  opposition  to  the  E.M.F.  generated  by  the  metal  couple^ 
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the  net  result  being,  of  coarse,  a  current  In  the  direction  of  the  greater  E.ILF.  Aa 
the  strength  of  the  solution  increases  after  a  certain  point,  the  E.M.F.  due  to  the 
metal  couple  increases  rapidly,  whereas  tbat  due  to  tne  oxygen  concentration  cell 
remains  constant  or  increases  only  slowly. 

The  increase  in  the  E.M.F.  of  the  metal  couple  appears  to  be  largely  due  to  the 
formation  of  AuCy— a  compound  having  a  high  potential,  which  acts  as  an 
electrode.  This  deposits  in  films,  varying  m  density  or  thickness  to  a  maximum 
with  the  strength  of  the  solution.  A  couple  results  of  Au — AuOy.  After  this 
stage  of  the  process,  when  AuCy  is  formed,  oxygen  ceases  to  exert  an  influenoe. 
That  is  to  say,  the  metal  passes  into  solution  by  the  AuCy  dissolving  in  the  potaa- 
ALum  cyanide  solution,  as  one  salt  dissolves  in  the  solution  of  another. 

The  effect  of  the  gas  cell  is  best  observed  in  highly  dilute  solutions  at  ordinary 
or  low  temperatures.  After  a  cei'tain  strength  is  attained,  dependent  on  tempera- 
ture, the  effect  of  the  gas  cell  is  entirely  masked.  At  the  higher  temperatures 
the  E.M.F.  of  the  gas  cell  diminishes,  with  a  corresponding  increase  in  the  E.M.F. 
of  the  Au — AuCy  couple.  At  boiling-point  the  retarding  oxygen  effect  of  the  gaa 
cell  on  the  dissolution  of  the  metal  practically  disappears. 


2.  The  Soliibility  of  Gold  in  ThtosulphcUes  and  Thioeyanaten, 
By  H.  A.  White. 

Attention  was  called  to  the  presence  of  the  above  salts  in  ordinary  working 
cyanide  solutions,  and  to  the  fact  that  in  presence  of  certain  oxidising  agents  gold 
is  to  some  extent  soluble  in  both  cases. 

The  presence  of  gold  in  mine  reservoirs  and  in  soil  under  residue  dumps  is  con- 
nected most  probably  with  the  presence  of  such  salts,  since  cyanides  as  such  would 
be  speedily  attacked  and  destroyed  by  the  oxidation  products  of  pyrites  always 
present.  It  was  shown  that  the  thiocyanates  in  presence  of  such  oxidising  agents 
as  ferric  salts  attack  gold  with  considerable  ease,  and  that  thiosulphates,  which  are 
less  stable,  exert  a  less  powerful  action.  Other  experiments  adduced  indicate  that 
in  well-exposed  dumps  cyanide  and  thiosulphates  are  not  directly  concerned  with 
the  observed  solution  of  gold,  but  that  thiocyanates  alone  are  of  significance  in 
this  respect.     Results  of  experiments  made  on  solutions  of  different  strengths  with 

Sieces  of  pure  gold  show  that  the  rate  of  attack  diminishes  rapidly  after  a  few 
ays,  and  this  is  traced  to  ageing  of  the  solution,  with  consequent  loss  of  available 
oxygen. 

Reference  was  made  to  H.  S.  Stark's  process  of  residue  re-treatment,  which  is 
resulting  in  the  profitable  extraction  of  a  large  portion  of  the  gold  in  certain  of 
the  residue  dumps  on  the  Rand. 


WEDNE8DA  Y,  A  UOUST  30. 

The  following  Papers  were  read  : — 

1.  Tlie  Law  Governing  tJie  Solubility  of  Zinc  Hydrate  in  Alkalis, 
By  James  Moir,  M,A,^  D.Sc, 

It  is  a  fact  well  known  in  analytical  chemistry  that  when  salts  of  zinc  are 
treated  with  caustic  potash  or  soda  the  precipitate  of  Zn(0H)3  dissolves  in  excess  of 
the  alkali.  It  is  rather  extraordinary  that  no  quantitative  investigation  of  this 
phenomenon  seems  to  have  been  made,  and  this  is  the  ratson  d^etre  of  this  paper. 

The  phenomenon  is  essentially  an  equilibrium  between  alkali  and  zindc  acid, 
and  this  equilibrium  may  be  reached  from  both  sides,  i.e.,  (1)  addition  of  excess  of 
zinc  hydrate  to  caustic  alkali,  and  (2)  dilution  with  water  of  a  strong  solution  pre- 
viously saturated  with  zinc  hydrate.  In  the  latter  case  some  of  the  Zn(OH)j  is 
re-prccipitated,  and  on  standing  an  equilibrium  is  reached  which,  as  in  the  first 
case,  depends  solely  on  the  concentration  of  the  free  alkali. 

pbservations  have  been  made  on  both  lines  over  tha  range  ftom  7N  to  *01N 
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alkftliy  below  which  the  amount  of  zinc  dissolved  is  insigniBcant,  being  little 
greater  than  that  due  to  the  solubilitj  of  zinc  hydrate  in  pure  water.  In  addition, 
the  author  has  succeeded  in  showing  that  the  experimental  results  can  be  deduced 
from  the  ordinary  assumptions  of  the  ionic  theory,  and,  in  particular,  that  the 
results  given  by  caustic  potash  are  the  same  as  those  given  by  caustic  soda  when 
expressed  in  gram  molecules ;  so  that  it  follows  that  the  solubility  of  zinc  hydrate 
in  alkali  denends  solely  on  the  concentration  of  hydroxidion  in  the  solution. 

It  was  also  shown  that  no  definite  chemical  compounds  (such  as  ZnO.SEOII) 
exist,  since  the  curve  obtained  by  plotting  the  results  is  approximately  a  parabola, 
ftnd  ita  tangrent  never  passes  through  the  origin. 

A  practical  result  of  the  investigation  is  to  show  that  in  working  cyanide 
solutions  scarcely  any  of  the  zinc  is  present  as  zincate,  but  nearly  aU  is  zinco. 
cyanide. 

2.  The  Functions  of  the  Metallurgical  Laboratory. 
By  Gerard  W.  Williams. 

The  subject  of  the  paper  was  dealt  with  under  four  heads : — 

(a)  The  laboratory  in  regard  to  metallurgical  research. 

{b)  The  laboratory  ss  a  testing  department  for  mine  supplies, 

(c)  Personnel  and  educational  traming  of  the  staff. 

(d)  Equipment. 

(a)  The  utility  of  the  laboratory  to  metallurgical  research  is  based  on  the  rela- 
tive value  of  small-scale  experiments  to  the  working  processes  they  are  designed 
to  iHnstrate. 

In  general  it  may  be  sidd  that  all  processes,  the  fundamental  principle  of 
which  lies  in  the  inter^reaction  of  two  or  more  bodies,  can  be  tested  with  accuracy 
in  the  laboratory. 

Subject  to  the  laws  of  mass  action,  the  reaction  which  takes  place  in  a  test 
tube  will  take  place  equally  on  a  working  scale.  The  author  on  one  occasion  con- 
ducted a  lengthy  series  of  tests  on  the  extraction  obtainable  from  banket  ores  under 
different  conditions  as  to  crushing.  The  results  obtained  by  bottle  tests  were 
completely  borne  out  in  actual  practice. 

Questions  involving  mass  action,  slow  oxidation,  and  physico-chemical  changes 
are  less  easily  studied  in  the  laboratory,  but  considerable  accuracy  is  possible. 

Other  instances  of  actual  improvements  introduced  as  a  result  of  amall-ecale 
experiments  were  quoted,  and  stress  was  laid  on  the  importance  to  the  mining 
inaustry  of  the  Witwatersrand  of  the  establishment  of  a  fully  equipped  labora- 
tory fitted  with  a  ten-stamp  battery  and  all  necessary  nlant. 

The  full  effect  of  any  modification  in  working  conditions  would  be  noted,  as 
it  would  not  be  obscured  by  other  issues.  Similar  experimental  plants  are  to  be 
found  in  all  the  important  gold-mining  centres  of  the  English-speaking  world. 

(h)  The  importance  of  the  testing  of  all  mine  supplies  is  obvious.  This  is  done 
in  all  large  European  and  American  works.  The  twentieth  century  might  well  be 
called  Uie  age  of  adulterants.  To  such  a  pitch  has  this  practice  been  carried  that 
all  large  firms,  home  and  Transatlantic,  now  buy  all  supplies  on  contract  speci- 
fication only.  There  is  great  need  in  this  country  for  such  a  department.  The 
author  quoted  instances  of  adulteration  of  supplies  which  have  come  before  him. 
and  showed  how  high  prices  are  fre(|ueutly  paid  for  worthless  and  even  harmful 
goods ;  coal,  lime,  cyamde,  and  all  mine  supplies  of  a  similar  nature  may  be  tested 
and  bought  on  true  value  only.  This  involves  a  direct  saving  more  than  equivalent 
to  the  expenses  of  the  department.  The  analysis  of  boiler^feed  waters,  flue  gases, 
and  the  oondncting  of  full  boiler  tests,  furnishes  information  of  great  value  to  the 
•Dgineer. 

The  advantages  of  the  metallurgical  laboratory  from  this  standpoint  are  obvious, 
in  that  the  results  have  an  immediate  cash  value,  and  were  the  laboratory  to 
aooomplish  nothing  else,  its  value  to  the  industry  would  be  assured.     ^ c^r^cs\p' 
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(c)  This  question  was  considered  from  the  stf^ndpoint  of  the  older  universitiet 
of  England.  The  author  contrasted  the  value  of  the  science  schools  of  Oxford 
and  Cambridge  with  similar  schools  in  American  universities.  He  deplored  the 
want  of  true  perspective  evidenced  in  the  former  schools  and  the  too  great  difieren- 
tiation  of  the  theoretical  from  the  practical.  Only  by  the  breaking  down  of  this 
artificial  barrier  can  the  older  universities  compete  with  the  broader  schools  of 
newer  univeisities. 

{d)  The  equipment  of  the  laboratory,  metallurgical  testing  works,  and  general 
control  of  the  plant  were  briefly  discussed. 

In  conclusion,  the  authoi^  expressed  his  consciousness  of  the  brief  manner  in 
which  he  had  outlined  the  scope  and  utility  of  the  metallurgical  laboratory,  but 
be  is  confident  that  the  establishment  of  a  central  department  on  the  lines  laid 
down,  and  maintained  at  the  cost  of  all  the  mines,  would  furnish  abundant  justi- 
fication for  the  optimistic  views  which  he  holds  as  to  the  value  of  the  metallurgical 
laboratory  to  the  gold-mining  industry  of  the  Witwatersrand. 


3,  Notes  on  Economic  Problems  in  Metallurgy  on  the  Witwatersrand. 
By  S.  H.  Pbarce. 

This  paper  consisted  of  a  discussion  of  the  broader  principles  of  metallurgy 
involved,  under  various  headings : — 

1.  Sorting, — Under  this  heading  a  plea  was  made  for  a  more  systematic  sampling 
of  the  quart^ite  adjacent  to  the  reef  matter  mined,  in  order  to  avoid  discarding 
'  waste   from  the  sorting  tables  which  carries  payable  values  in  some  cases. 

2.  Milling. — This  suoject  included  discussion  of  the  fineness  to  which  the  ore 
should  be  reduced,  both  by  the  stamp  mill  and  subsequent  regrinding  by  the  tube 
mill,  and  concluded  that  the  marked  increase  of  duty  with  the  coarsest  mesh  used 
indicates  probable  development  in  thiB  direction  in  the  future. 

3.  Amalgamation, — This  section  pointed  out  the  advantages  of  amalgamation 
prior  to  cyanide  treatment,  and  that  the  percentage  recoverable  by  this  method  is 
largely  dependent  upon  the  fineness  to  which  the  ore  is  reduced. 

4.  Concentration. — This  section  gave  the  reasons  for  discarding  mechanical 
concentration,  by  reason  of  the  high  extraction  possible  from  the  pyritic  portion  of 
the  ore  bv  cyanide  treatment  after  regrinding. 

6.  Slimes  Treatment, — Various  methods  of  slimes  treatment  were  discussed, 
and  the  local  advantages  of  the  decantation  method  were  shown,  as  compared  to 
those  processes  in  use  elsewhere. 

In  conclusion,  the  advantages  of  the  proposed  '  all-sliming '  of  the  ore  were 
compared  to  the  present  method  of  separate  sand  and  slime  treatment ;  and  modi- 
fications  of  plant  design  were  given,  which  appear  to  show  a  saving  of  nearly  half  of 
the  present  cost  of  installing  the  reduction  plant. 


4.  On  a  Radio-active  Svhstance  Discovered  in  the  Transvaal, 
By  R.  Lewis  Cousens,  MJ,E,E, 

The  author  described  the  experiments  which  he  had  conducted  with  an  alluvial 
ore,  consisting  principally  of  pit  clay  with  sand,  and  leaving  on  concentration  a 
heavy  deposit  of  black  iron  sand  and  other  minerals,  and  which  tended  to  prove 
that  the  ore  contained  a  radio-active  substance.  The  radio-activity  of  the  ore  was 
tested  by  means  of  the  electroscope,  by  photographic  methods,  and  by  proof  of  the 
ionisatioQ  of  the  air  in  a  bottle  containing  some  of  the  concentrates.  The  results, 
together  with  the  results  of  chemical  treatment  of  the  concentrates,  pointed  to  the 
presence  of  radium  in  the  ore,  although  apparently  both  uranium  and  thorium 
were  absent.  The  author  suggested  tentatively  that  the  radium  may  have  been 
produced  from  titanium,  which  is  present  in  the  form  of  rutile  in  the  concenCtrates. 
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The  following  Pfipers  were  read : — 

1.  The  Soils  of  Hit  Transvaxd  from  their  Chemitcd  Aspect, 
By  Herbert  Ingle,  FJ.G. 

The  results  of  the  analyses  of  some  seventy  or  eighty  saoiples  of  soil,  collected 
from  various  parts  of  the  colony,  were  given,  together  with  details  as  to  the  methods 
employed  in  tlieir  collection  and  examination. 

A  discussion  of  the  results  and  of  the  general  conclusions  to  he  drawn  from  the 
material  already  obtained  was  also  included. 

A  comparison  was  made  between  European  and  Transvaal  soils,  with  reference 
to  their  composition,  and  especially  to  the  interconnection  of  their  chemical  com- 
position and  fertility  as  indicated  W  field  experience. 

It  Was  shown  that  to  take  English  standards  in  judging  of  fertility  from 
chemical  analysis  may  lead  to  erroneous  conclusions  in  the  case  of  tropical  or  sub- 
tropical soils,  and  that,  given  a  sufAcient  supply  of  water,  a  soil  of  apparently  poor 
qaality  from  analytical  results  may  yield  luxurious  crops  under  the  favouring 
conditions  of  growth  existent  in  this  colony. 

2.  Preloi*in  Bain  and  its  Content  of  Combined  Nitrogen^ 
By  Herbert  Ingle,  FJ.C,  F.C.S. 

The  rain  falling  in  Pretoria  since  February  1,  1904,  has  been  collected,  and 
measured,  and  its  content  of  nitrogen  existing  as  ammonia  and  as  nitrates  and 
nitrites  has  been  determined  each  week. 

The  results  were  given  both  in  parts  per  million  of  rainwater  and  also  in  weight 
of  nitrogen  per  unit  area  —  grammes  per  hectare  and  pounds  per  acre.  Compari- 
sons with  English  and  other  determinations  were  given. 

The  results  showed  that  the  amount  of  combined  nitrogen  brought  down  in 
the  rain  in  Pretoria  is  considerably  greater  than  the  average  amounts  m  Europe. 

Certain  relationiliips  between  the  richness  in  nitrogen  and  the  total  rainfall 
each  week  are  observable. 

3.  A  Fuel  of  the  Midland  Districts  of  South  Africa. 
By  E,  H.  Croghan. 

The  region  known  as  the  Mklland  Districts  is  dry  and  treeless,  with  a  scarcity 
of  rainfall.  The  better  part  of  this  region  is  suitable  for  sheep-farming,  being 
sparsely  covered  with  bushes,  the  foliage  of  which  constitutes  the  chief  food  of 
sheep  and  cattle.  These  bushes  are  very  hardy,  and  have  an  enormous  root  system, 
penetrating  to  a  great  depth.  The^  are  of  great  nutritive  value,  as  they  contain 
a  comparatively  large  quantity  of  digestible  carbohydrates,  principally  starch. 

These  carbohydrates  are  associated  in  the  plant  system  with  potash  compounds ; 
therefore  we  also  find  a  large  quantity  of  potash  in  sheep  excreta. 

This  manure  accumulates  in  considerable  quantity  in  the  kraals  (a  sort  of 
paddock  near  the  homestead). 

The  farmer  has  no  use  for  this  manure  as  such,  because  he  has  no  water  for 
irrigation,  and  gets  a  very  insufficient  supply  from  his  wells.  In  some  parts  of  the 
sheep  districts  it  is  a  well-known  fact  that  the  drought  is  often  so  severe  that  the 
lambs  are  killed  to  save  the  ewes. 

The  farmer  therefore  only  uses  the  dung  as  fuel.  He  has  it  dug  out  and  cut 
into  bricks,  somewhat  resembling  those  made  of  spent  tan,  which  in  some 
Continental  countries  are  similarly  used  as  fuel.  The  ashes  are  thrown  aside,  and 
frequently  accumulate  as  small  mounds  near  the  homestead. 

These  ash-heaps,  as  well  as  the  manure  itself,  are  of  great  economic  value, 
more  particularly  for  heavy,  clayey  soils.  ^  j 
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The  Gape  farmer  obtains  a  fair  supply  of  ^uano  from  the  Guano  Islands  along^ 
the  coast,  and  if  he  were  to  supplement  this  with  ashes  of  sheep  dang,  thas 
supplying  the  necessary  potash  (guano  being  principally  of  a  nitrogenous  and 
phosphatic  nature),  he  would  secure  an  excellent  manure  for  raising  all  kinds  of 
grain  and  root  crops,  especially  potatoes. 

For  industrial  or  domestic  purposes  these  ashes  may  be  used  for  the  production 
of  potassium  carbonate,  which  can  be  employed  in  making  soft  soap,  since  fat, 
taUow,  and  beef  suet  are  also  by-products  on  most  farms. 

Ajb  potassium  carbonate  is,  so  to  speak,  the  starting-point  in  the  production  of 
all  potash  compounds,  its  uses  are  many,  one  being  the  formation  of  cyanide  of 
potash,  employed  largely  in  gold  extraction. 
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Prissident  op  the  Section. — Professor  H.   A.   Miers,  M.A.,  D.Sc, 

F.R.S. 


The  FreBident  delivered  the  following  Address  at  Johanneshurg,  on  Tuesday, 
August  29 : — 

In  opening  the  proceedings  of  Section  C  in  its  first  visit  to  South  Africa,  and 
speaking  &Bt  on  oehalf  of  those  who  are  visitors,  I  think  I  may  justly  claim  that 
to  no  Section  of  the  British  Association  can  this  visit  be  more  interesting  or  even 
more  exciting  than  to  us ;  we  euter  for  the  first  time  a  country  whose  geological 
features  and  history,  and  whose  mineral  productions,  have  long  arbused  the 
keenest  interest  among  European  geologists  and  mineralogists. 

We  have  followed  the  aiscoveries  and  discussions  of  South  African  writers ; 
we  have  read  your  views  and  have  become  familiar  with  your  terminology ;  we 
have  heard  the  reports  of  those  who  have  visited  the  country,  either  as  travellers 
or  with  the  special  object  of  investigating  its  geological  problems  or  mineral 
resources;  and,  indeed,  ever  since  the  Geological  Society  of  l^ndon  received  the 
historic  papers  of  Andrew  Geddee  Bain,  the  father  of  South  African  geology,  many 
of  the  memoirs  of  vour  own  geologists  have  been  communicated  to  European 
societies  and  journals ;  we  have  looked  from  afar  with  yearning  eyes  upon  tluB 
alluring  country ;  and  at  length  we  have  found  ourselves  upon  its  shores. 

Itnas  not  been  given  to  many  of  us  to  see  those  great  pioneers  of  South  African 
geology  whofee  work  was  done  in  the  days  before  amateurs  and  experts  could 
come  out  for  a  few  weeks  or  months  to  take  a  hurried  survev  of  the  country ;  but 
their  enduring  labours,  which  have  laid  the  foundation  of  all  subsequent  work,  are 
well  known  to  us,  and  it  is  not  necessary  for  me  to  do  more  than  mention  the 
familiar  names  of  Bain,  Wyley,  Stow,  Atherstone,  Sutherland,  and  Dunn.  Of 
these  only  the  last  named  survives ;  but  when  one  remembers  that  his  maps  of 
Nortii  Gape  Colony  and  of  Orange  River  Colony  have  served  as  the  basis  of  the 
maps  now  in  use,  one  i?  reminded  bow  recent  is  the  whole  history  of  South 
African  geology^  and  how  much  was  achieved  in  so  short  a  time  by  these  early 
workers. 

It  is  exactly  one  hundred  years  since  John  Barrow  wrote  the  concluding  words 
of  his  'Travels  in  South  Africa'  which  first  directed  attention  to  the  geology  of 
this  country ;  it  is  only  fifty  years  since  Bain  sent  home  the  manuscript  of  the 
classic  papers  to  which  I  have  already  alluded. 

Since  their  dajs  many  have  been  the  scientific  visitors  to  the  country  who  have 
remained  there  for  longer  or  shorter  periods,  whose  works  have  made  us  familiar 
with  its  problems  and  have  contributed  to  their  solution ;  the  names  of  Cohen, 
Draper,  Exton,  Gibson,  Green,  Griesbach,  Passarge,  Rubidge,  Sawyer,  Schenck, 
and  Seeley  recall  some  of  the  most  substantial  scientific  work  which  has  been  done 
either  by  visitors  or  residents.  Several  others  who,  without  visiting  the  country, 
have  by  their  researches  in  Europe  helped  to  unravel  the  problem  of  South  African 
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stratic^rapliy  were  enumerated  by  Dr.  Corstorphine  in  his  interesting  and  exhausiiTe 
Presidential  Address  last  year. 

If  we  must  regret  that  we  never  had  the  opoortunity  of  seeing  the  great 
pioneers  and  the  earlier  workers,  we  may  rejoice  tnat  we  have  been  able  to  meet 
those  who  are  now  actively  engaged  in  continuing  their  labours ;  the  period  of 
cursory  visits  and  fragmentary  essays  is  closing  and  the  era  of  deliberate  and 
systematic  surveys  is  beginning ;  we  now  look  for  authoritative  information  to  the 
Cape  Survey  inaugurated  by  Dr.  Corstorphine  in  1805  and  so  ably  continued  by 
his  successor  Mr.  Rogers;  to  the  Transvaal  Survey  begun  by  Dr.  Molengraaif  in 
1807  and  auspiciously  revived  under  Mr.  Kynaston ;  and  to  the  Nat4il  Survey 
which  Mr.  Anderson  has  so  successfully  directed  since  1001.  I  hope  that  it  will 
not  be  long  before  there  is  no  part  of  South  Africa  outside  the  direct  supervision 
of  a  systematic  and  well-ordered  surve^r. 

There  ie  perhaps  some  danger  lest  in  a  developing  country,  where  the  com- 
mercial possibilities  are  prominently  before  all  eyes,  the  immense  importance  of 
such  surveys  should  be  overlooked,  and  lest  it  should  be  thought  that  what 
appears  to  be  purely  scientific  research  may  be  left  to  take  care  of  itself  until  the 
mineral  wealth  of  the  country  has  been  explored.  I  cannot  enter  too  emphatic  a 
protest  against  s«ch  a  view ;  how  closely  the  two  interests  are  knit  together  must 
oe  apparent  to  anyone  who  reflects  that  the  nature  and  sequence  of  the  more 
northerly  formations  which  have  yielded  coal,  diamonds,  gold,  and  metalliferous 
deposits  can  only  be  studied  in  the  li^ht  of  the  more  inlelTigible  geology  of  Cape 
Colony  and  Natal.  It  is,  moreover,  immensely  to  the  advautage  of  South  Afrka- 
that  you  have  intimately  connected  with  the  mining  industry  geologists  of  such 
training  as  Doctors  Corstorphine,  Molengraaff,  and  Ilatch^  who  have  all  gained 
valuable  experience  upon  geological  surveys. 

I  may  now,  perhaps,  cease  to  speak  merely  as  a  representative  of  the  visitors 
and  identify  myself  more  cJosely  with  the  Section  as  a  whole  ;  for  the  most  grati- 
fying feature  of  this  meeting  is  that  it  is  not  merely  a  visit  of  stningers  who  are  en- 
joying your  hospitality,  but  that  with  Section  C  of'^the  British  Association  is  fused 
Section  B  of  the  South  African  Association,  so  that  for  the  time  being  we  are  all 
colleagues ;  and  even  such  vexed  questions  as  the  correlation  of  the  rocks  of  the 
Transvaal  or  of  Rhodesia  with  those  of  the  Cape,  or  the  origin  of  Banket,  or  of  Blue 
Ground,  or  the  extension  of  the  Main  Reef  Series  (perhaps  it  is  no  lonffer  necessary 
to  include  the  problem  of  the  Dwyka  conglomerate)  can  be  discussed  by  us  on  the 
spot  as  members -of  the  same  body  inspired  by  the  same  earnest  desire  for 
truth. 

I  began  these  preliminary  remarks  by  asking  that  I  might  be  regarded  as  the 
spokesman  of  the  visitors,  and  therefore  represented  myself  as  a  geologist  visiting 
tne  country  for  the  first  time.  I  must,  however,  make  a  frank  confession.  Not 
only  is  this  my  second  visit  to  the  country,  but  I  have  not  even  any  claim  to  be 
called  a  geologist.  My  training  and  experience  have  been  such  that  upon  many 
of  the  questions  which  must  be  most  interesting  to  this  Section  f  am  notcompet«n. 
to  form  an  opinion  or  to  appreciate  properly  the  evidence.  I  must,  therefore, 
crave  your  indulgence  if  in  this  Address  I  refrain  from  discussing  aiiv  of  the 
problems  of  surpassing  interest  which  naturally  engage  the  attention  of  tWe  who 
are  occupied  ik  ith  the  study  of  South  African  geology.  It  would  indeed  be  an 
impertinence  for  me  to  do  so. 

I  venture,  however,  to  hope  that  the  frontier  between  geology  and  mineralogy 
is  so  ill-defined — if  indeed  a  scientific  frontier  can  be  raid  to  exist — that  the 
thoughts  and  occupations  of  one  who  has  confined  himself  tothe&tudy  of  minerals* 
and  that  rather  in  the  laboratory  than  in  the  field,  are  not  alien  to  the  interests  of 
Section  C. 

Experimental  Geology. 

A  somewhat  lamentable  aspect  of  modern  pcience  is  the  vast  array  of  unor* 
ganised  facts  which  are  awaiting  co-ordination ;  this  is  too  often  because  they  have 
been  amassed  without  any  definite  idea  of  the  purpose  which  they  may  eerve ;  con* 
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Mnaently  It  maT  happen  that  laborious  Qbeerrations  belonging  to  one  science  may 
fail  to  attract  the  re^urd  of  a  neighbouring  science  merely  for  want  of  the  mutuiu 
acquaintance  which  would  make  them  serviceable  to  each  other ;  and  in  these  days 
of  exclusive  specialisation  the  introduction  which  might  lead  to  a  happv  union  U, 
perhaps,  not  brought  about  for  years.  None  can  be  more  fully  alive  to  the  import- 
ance of  such  an  alliance  than  those  whose  work  lies  on  the  borderland  between 
diflerent  sciences ;  the  mineralogist,  for  example,  is  in  contact  on  the  one  side  with 
the  experimental  sciences  of  chemistry  and  physics,  and  on  the  other  with  geologv, 
which  has  scarcely  yet  entered  the  experimental  stage.  He  cannot  fail  to  be 
impressed  by  Ihe  ne«d  of  the  appeal  to  experiment  en  the  geological  side  of 
the  border,  and  it  is  perhaps  his  duty  to  supply  the  want  as  far  as  lies  in  his 
power. 

Owing  to  this  very  need  some  of  the  most  difficult  problems  in  geology  are 
those  concerned  with  the  origin  of  minerals  and  of  the  rocks  which  they  compose. 
One  need  but  recall  the  many  theories  which  have  been  held  about  the  orijafin  of 
mineral  deposits,  the  filling  of  metalliferous  veins,  the  local  concentration  of 
certain  minerals,  the  distribution  of  various  rock  types,  the  existence  of  rock 
magmas  of  diverse  compositions,  and  the  differentiation  of  their  constituents. 
Could  the  importance  and  difficulty  of  such  problems  be  bettor  illustrated  than 
in  South  Africa,  and  by  its  two  most  valuable  minerals,  gold  and  diamond  P 

Now  all  these  are  problems  in  which  direct  appeal  may,  and  indeed  must,  be 
made  to  laboratory  experiments ;  the  well-defined  minerals  of  which  the  earth's 
crust  consists  do  not,  after  all,  number  much  more  than  800,  and  of  these  many 
have  already  been  manufactured  in  the  laboratory.  Speculation  upon  the  origin 
of  rocks  and  minerals  should  surely  be  controlled  by  the  results  of  experiments, 
and  equally  should  experiment  which  is  to  be  of  service  to  geology  be  guided  by 
a  knowledge  of  the  problems  to  which  it  is  to  be  applied.  It  will  be  my  object 
in  the  present  Address  to  illustrate  these  principles  by  examples  drawn  from 
recent  experimental  work  which  can  be  applied  to  geological  problems,  and 
to  indicate  the  course  which  such  research  is  likely  to  pursue  in  the  immediate 
future. 

It  seems  to  be  sometimes  expected  of  a  Presidential  Address  that  it  should 
contain  a  summary  of  the  progress  of  a  science  during  past  years,  and  this  is  no 
doubt  very  useful  and  instructive;  but  if  we  are  to  go  forward  in  our  scientific 
work  we  must  not  be  satisfied  with  the  patient  accumulation  of  details,  or  content 
to  congratulate  ourselves  upon  the  number  of  tbem  which  have  been  amassed. 
I  venture  to  think  that  it  is  more  profitable  to  take  our  st-and  upon  the  actual 
work  of  to-day,  and  from  that  tower  of  observation  to  look  forward  to  the  future 
jather  than  badt wards  to  the  past ;  to  exclaim  with  the  poet — 

*  No,  at  noonday  in  the  bustle  of  man's  work- time 

Greet  tbe  unseen  with  a  cheer ! 
Bid  him  forward.* 

It  would  be  interesting  enough  to  trace  the  history  of  the  artificial  repro- 
•duction  of  minerals,  beginning  with  the  famous  experiment  of  James  Hall ;  to 
follow  the  lines  that  led  to  tbe  development  of  the  French  School  during  tbe  last 
fcalf  of  the  nineteenth  century ;  to  dwell  on  the  researches  of  Senarmoiit,  Ebelmen, 
^aubr^,  and  Sainte-Ciaire  Deville ;  to  show  how  the  increasing  study  of  petro- 
'graphy  and  the  invention  of  the  electric  furnace  have  led  to  renewed  activity  in 
the  attempts  to  reproduce  igneous  rocks  and  the  rock-forming  minerals ;  to 
^discuss  the  more  modem  experiments  of  Fouque  and  Levy,  Lagorio,  Loevinson- 
•Lessing,  and  Morozewicz ;  or  to  describe  the  manufacture  of  many  an  interestiujgf 
mineral  by  de  Schulten  and  others  who  are  actively  prosecuting  research  of  this 
mature,  including  such  sensational  achievements  as  the  production  of  the  ruby  by 
•Fr^my  and  of  the  diamond  by  Moissan. 

Instead,  however,  of  attempting  a  survey  of  all  that  has  been  done,  or  even 
<of  all  that  is  being  done  in  tbe  artificial  reproduction  of  minerals,  let  me  adhere 
to  the  principle  that  I  have  laid  down,  and  discuss  only  a  few  of  those  researchiss, 
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now  being  curried  on,  which  promise  to  be  most  fruitful  because  their  metiiod# 
and  aims  are  Inspired  by  the  discoveries  and  views  of  modern  chemistry  and 
modern  physics. 

Vdn  H  Moff'a  Work  on  the  Salt  Deposits. 

Among  such  researches  the  most  remarkable  are  those  conducted  by  Professdr 
van  \  Eloff*  and  his  pupils  during  the  last  eight  years  Upon  the  Stassfuft  salt 
deposits.  These  deposits  are  of  enormous  extent,  more  than  1,000  feet  thick,  and 
consist  of  fairly  welMefined  layers  of  various  sulphates  and  chlorides  of  sodium^ 
magnesium,  and  potassium,  and  their  double  salts  and  hydrates.  It  has  lon^ 
been  supposed  that  the  minerrtls  have  been  derived  from  the  evaporation  of  sea- 
water  which  contains  in  solution  the  chlorides  of  sodium,  magnesium,  and  potas- 
sium, with  sulphate  of  magnesium  and  small  a  uantities  of  calcium  salts ;  and  the 
general  sequence  of  the  minerals  is  that  of  their  solubility ;  the  less  soluble 
sodium  chloride  crystallised  out  first  and  is  at  the  bottom,  while  the  very  soluble 
magnesium  chlorides,  having  been  the  last  to  crystallise,  occupy  the  top  of  the 
series.  But  the  problem  is  by  no  means  so  simple  as  to  be  one  of  mere  solubility 
in  water ;  the  rock  salt  itself  persists  through  the  whole  series,  and  some  of  the 
associations  are  difficult  to  explain. 

As  is  well  known,  the  modem  theories  of  solution  mainly  rest  upon  the 
behaviour  of  dilute  solutions  from  which  the  principles  of  electrolytic  dissociation 
•  have  been  deduced ;  but  in  the  case  of  the  concentrated  solutions  from  which 
dissolved  substances  actually  crystallise,  yery  little  is  really  known  about  the 
liouid  itself.  A  great  deal  is  kuown,  however,  about  its  equilibrium  with  the 
solids  that  separate  from  it,  and  the  general  laws  of  this  ecjuilibrium  are  expressed 
by  the  phase-rule  deduced  from  mathematical  considerations  by  Willard  Gibbs, 
which  states  how  many  mechanically  separable  constituents  can  coexist  under 
varying  conditions  of  equilibrium  in  a  system  containing  a  definite  number  of 
chemkml  components. 

A  solution  saturated  with  a  given  substance  is  one  which  is  in  equi- 
librium with  that  substance  when  the  latter  is  in  contact  with  it  in  the  solid 
form ;  the  phase-rule  indicates  the  number  of  solids  which  must  be  in  contact 
with  a  given  solution ;  the  only  difficulty  in  practice  is  to  determine  the  nature 
of  the  double  salts  or  distinct  hydrates  that  may  be  formed. 

By  means  of  a  series  of  experiments  upon  the  solubilities  of  these  salts,  either 
singly  or  in  the  presence  of  one  another,  in  order  to  determine  the  composition  of 
solutions  saturated  simultaneously  with  two  or  more  substanoM,  it  is  possible  to 
obtain  a  graphic  representation  of  all  possible  solutions  containing  the  salts 
present  in  sea- water.  From  this  the  course  of  crystallisation  of  any  particular 
solution,  for  example  sea-water,  can  be  predicted. 

The  general  sequence  thus  theoretically  predicted  is  as  follows:  (1)  Rock 
salt ;  (2)  Rock  salt  with  the  ma^esium  sulphate,  epsomite ;  (8)  Rock  salt 
with  the  double  sulphate  of  potassmm  and  noagnesium,  leonite ;  (4)  Rock  salt 
with  .leonite  and  the  potassium  chloride,  kainite ;  (6^  Rock  salt,  the  magnesium 
sulphate  kieeerite,  and  the  double  chloride  of  potassium  and  magnesium,  caroal- 
lite ;  (6)  Rock  salt,  kieserite,  camallite,  and  the  map^esium  chloride,  bischoffite. 
This  last  combination  will  persist  until  all  the  water  is  evaporated.  This  is  found 
to  be  the  general  sequence,  not  only  of  the  salts  obtained  on  evaporating  sea-water 
at  25°,  but  also  of  the  Stossfurt  deposits. 

Up  to  this  point  the  results  have  been  summarised  by  Dr.  E.  F.  Armstrong  in 
a  report  presented  to  the  British  Association  in  1901.  Since  that  date  the  re- 
search has  been  prosecuted  actively  by  van  't  Hoff  and  his  pupils,  and  now  the 
conditions  of  equilibrium  at  26^  have  been  mapped  out,  not  only  for  the  above 
compounds,  but  also  for  the  minerals  thenardite,  glaserite,  astrakanite,  and 
reichardtite,  which  occur  in  these  deposits.  The  whole  process  of  crystallisation 
of  the  solution,  from  which  no  fewer  than  twelve  difierent  salts  have  separated, 
can  therefore  be  predicted,  and  their  sequence  and  associations  can  be  traced 
I  through  numerous  stages,  beginning  Vith  the  separation  of  rock  salt  and  ending 
bvvith  a  mixture  of  rock  salt,  kieserite,  camallite,  and  bischoffite.    r^  t 

_^   zedbyCjOOgle 
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to  t«coti0tructmg  the  history  of  these  deposits  account  must  also  be  taken  of 
the  varying  vapour  pressures  of  the  solutions  which  are  saturated  with  the 
different  compounds,  as  this  really  determines  which  particular  compounds  are 
stable,  so  that  the  matter  is  by  no  means  so  simple  as  might  appear  from  this 
brief  sketch.  It  is  further  necessary,  in  order  to  bring  the  process  within  reach 
of  calculation,  to  assume  that  each  deposit  is  removed  from  contact  with  the 
mother  liquor  after  it  has  crystallised  out;  but  fortunately  this  is  practically 
what  has  happened  in  the  Stassfurt  deposits,  for  each  layer  is  more  or  less 
separated  from  the  succeeding  one  by  an  intervening  layer  of  clayey  material. 

It  may  be  possible  even  to  go  a  stage  further  and  obtain  a  clue  to  the  actual 
temperatures  tnat  prevailed,  for  two  minerals,  langbeinite  and  loweite,  are  absent 
from  the  theoretical  mod«^l  made  by  van  't  Hotf  to  represent  what  must  happen 
during  evaporation  at  25^;  and  this  indicates  that  while  the  deposits  crystallised 
the  temperature  really  rose  higher  than  25°,  probably  as  high  as  43° ;  in  fact, 
after  the  conditions  of  equilibrium  have  been  worked  out,  the  appearance  or  dis- 
appearance of  certain  minerals  can  be  used  as  a  sort  of  geological  thermometer, 
capable  of  indicating  the  limits  within  which  the  temperature  can  have  varied. 

The  whole  investigation  is  a  splendid  example  of  experimental  research  devoted 
to  a  particular  problem  and  directed  by  a  well-established  theory ;  the  chemist  in 
his  laboratory  nas  now  succeeded  in  tracing  the  changes  that  took  place  ages 
ago  in  the  bed  of  a  land-locked  sea  as  it  laid  down  its  contents  and  iiuidly 
became  a  dnr  basin,  although  he  is  not  able  to  reproduce  the  original  conditions 
or  to  work  for  the  long  periods  which  Nature  had  at  her  disposal.  Without  the 
logical  consideration  or  the  conditions  necessary  for  equilibrium,  countless  experi- 
ments might  be  made  upon  these  salts,  and  an  immense  amount  of  speculation 
mijj^ht  have  been  devoted  to  their  possible  reactions  in  the  liquid  state,  about 
which  we  know  so  little,  instead  of  to  their  equilibrium  when  solidifying,  about 
which  we  know  so  much  more. 

Some  PetTographical  Problems, 

The  other  geological  problems  which  I  have  mentioned  have  also  been 
beyond  the  reacn  of  actual  experiment,  for  it  is  hopeless  to  attain  the  immense 
pressures  and  high  temperatures  or  the  enormous  time  that  may  have  been 
required  for  the  growth  of  natural  minerals  in  rocks  and  veins ;  and  so  when  diffi- 
culties are  encountered  there  is  a  tendency  to  '  explain '  them  (if  the  word  may 
be  so  misused)  by  reference  to  the  mysterious  effect  of  conditions  which  cannot  be 
brought  directly  within  the  reach  of  experiment. 

I  cannot  help  thinking  that  this  has  to  some  extent  occurred  in  the  discussion 
of  the  petrograpnical  problems  which  I  propose  to  consider  next.  There  are  two 
great  hquid  reservoirs  from  which  minerals  have  crystallised — the  sea,  with  its 
dissolved  salts,  and  the  subterranean  baths  of  molten  silicates,  from  which  the 
igneous  rocks  have  been  derived.  It  is  true  that  in  the  sea  two  of  the  con- 
stituents, water  and  sodium  chloride,  largely  predominated  over  the  others ;  but, 
after  all,  both  sea  and  lava  are  liquids  subject  to  the  same  physical  and  chemical 
laws. 

An  admirable  summary  of  the  evolution  of  petrogranhical  ideas  was  given  in 
the  Presidential  Address  to  the  Geological  Society  of  London  in  1901  by  Dr. 
Teall,  who  dealt  both  with  the  consolidation  of  rocks  from  molten  magmas  and 
their  differentiation  into  species.  It  is  not,  therefore,  neoessary  for  me  to  con- 
sider anything  but  recent  work  which  has  been  done  during  the  last  four  years, 
and  the  earlier  controversies  may  be  left  out  of  account. 

Among  the  many  problems  relating  to  the  mineral  and  chemical  constitution 
of  rocks  which  have  yet  to  be  solved,. two,  and  those  perhaps  the  most  important, 
diould  lend  themselves  most  readily  to  experimental  treatment.  The  first  is  the 
problem  of  rock  differentiation  :  why  does  a  magma,  even  one  which  has  pre- 
sumably crystallised  in  titu^  separate  itself  into  zones,  or  layers,  or  streaks  of 
different  constitution  P  And  the  second  is  the  problem  of  mineral  differentiation : 
why  does  a  granite  magma,  for  example,  crystallise  as  a  mixture  of  the  particular 
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minerals  mica,  felspar,  and  qaartz,  and  why  is  the  least  fusible  mineral  the  last 
to  crystallise  P 

It  will  scarcely  be  possible  for  me  to  deal  in  this  Address  with  more  than  the 
second  of  the  two  problemsy  but  it  will  be  apparent  from  the  somewhat  parallel 
case  of  the  salt  deposits  that  the  mere  order  and  manner  of  crystallisation  of  a 
mass  of  molten  silicates  must  be  a  sufficiently  complex  problem  to  exhaust  our 
attention  for  the  present. 

MagiruUic  IHfferenticUion. 

If  we  are  to  consider  only  recent  experiments  which  have  a  bearing  upon  the 
problems  of  rock  magmas,  it  is  not  necessary  to  say  much  about  t)ie  first  great 
petrographical  problem,  that  of  the  differentiation  of  magmas  into  various  rock 
types ;  for  in  this  connection  very  few  experiments  have  been  made,  and  prac- 
tically none  of  recent  date.  Observations  of  the  facts  as  they  present  themselves 
in  the  field  accumulate  every  day  ;  almost  every  im[>ortant  petrographical  region 
is  being  studied  with  the  particular  object  of  determining  the  mutual  relations  of 
its  rock  masses  and  the  factors  which  have  contributed  to  their  differentiation. 
They  have  been  ably  discussed  by  Becke,  Brogger,  Becker,  Cole,  Ilarker,  Iddings, 
Judd,  Lacroix,  L^vy,  Pirsson,  Koiienbuscb,  Teall,  Washington,  Zirkel,  and  many 
others ;  appeal  has  been  made  to  the  action  of  gravity,  of  temperature  differences, 
of  diffusion,  of  electric  currents,  of  fractional  crystallisation,  of  refusion,  of  chemi- 
cally combined  water,  of  absorption  of  the  country  rock ;  but  with  the  exception 
of  a  single  case,  observed  in  the  glassworks  of  Targowek,  in  which  the  top  of  a 
molten  glass  was  found  to  contain  less  lime  and  more  silica  than  the  bottom, 
tind  some  observations  by  Doelter  upon  boron-glass,  there  is  scarcely  a  single 
experiment  upon  silicates  which  really  bears  directly  on  the  question.  That 
Artificial  classes  are  far  from  homogeneous  is  known  to  glass- workers  and  to 
makers  of  lenses,  but  there  is  nothing  comparable  with  the  splitting  of  a  magma 
into  two  or  three  distinct  liauids  which  solidify  as  different  rocks. 

It  is  in  the  case  of  laccolites  that  the  problem  ought  to  present  itself  in  the 
'simplest  form,  for  we  may  regard  them  as  oasins  of  igneous  rock  which  have  been 
practically  imprisoned  within  solid  walls  and  have  crystallised  in  situ.  There 
•can,  I  think,  be  no  doubt  that  differentiation  has  generally  taken  place  even  in 
fsuch  basins,  that  the  margins  have  often  a  different  ^mineralogical  and  chemical 
'Constitution  from  the  more  central  portion,  and  that  the  differences  are  greater 
•than  can  be  accounted  for  by  solution  of  the  enclosing  rock,  and  are  often  of  a 
•chemical  nature  which  cannot  be  so  explained. 

The  various  (theories  that  have  been  propounded  fall  into  two  distinct  classes — 
(those  which  seek  the  cause  in  the  separation  of  solid  material  from  the  liquid,  so 
tthat  when  the  latter  subsequently  crystallised  it  constituted  a  different  rock  from 
^fae  former ;  and  those  theories  which  assume  that  different  liquids  have  separated 
tfrom  each  other  and  then  solidified  as  different  rocks. 

The  first  conception  satisfactorilv  explains  the  manner  in  which  the  least 
isoluble  minerals  are  concentrated  at  tne  bottom  or  margin  of  an  igneous  mass,  for 
'they  naturally  crystallise  first  where  the  ma^s  is  coolest,  or  where  contact  with 
•Other  crystals  may  have  occurred ;  or  even  if  they  have  been  precipitated  as  a 
cloud  throughout  the  magma  they  must  be  carried  about  by  convection  currents 
<ind  ultimately  sink  together  unless  the  magma  be  very  viscous.  Most  geologists 
will  probably  agree  with  the  conclusions  of  Vo^  that  some  of  the  most  important 
deposits  of  metals,  metallic  oxides,  and  sulphides  have  been  produced  by  mag- 
matic  differentiation  from  deep-seated  magmas  which  now  constitute  basic  rocks 
associated  with  them.  But  this  does  not  explain  how  the  mass  which  has  crystal- 
lised out  may  be  not  a  mineral  but  a  rock. 

The  actual  observations  on  crystallising  solutions  do  not  amount  to  much ;  it 
is  quite  clear  from  laboratory  experiments  that  crystals  do  grow  by  means  of  con- 
vection currents,  which  produce  a  flow  of  stronger  solution  towards  the  crystal 
and  of  weaker  and  warmer  solution  upwards  and  away  from  the  crystal.  The 
concentration  currents  can  easily  be  seen  in  any  ordinary  aqueous  solution  as 
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Btveakfl  in  the  liquid.  Again,  that  there  might  be  a  alight  difference  in  the  con- 
centration of  the  upper  and  lower,  or  of  the  warmer  and  cooler  parts  of  a  solution 
has  also  been  shown.  That  a  very  considerable  di&rence  in  concentration  can  be 
produced  by  centrifugal  action  was  proved  only  last  year  by  the  experiments  of 
Calcar  and  de  Bruyn,  in  which  solutions  contained  in  rapidly  rotating  vessels 
became  more  concentrated  in  the  nortions  furthest  from  the  axis  of  rotation. 

Schweig  has  recently  suggested  that  the  crystals  which  fall  to  the  bottom  of  a 
rock-magma  may  be  unstable  compounds,  which  redissolve  when  the  pressure  is 
relieved,  and  so  give  rise  to  an  underlying  magma  of  different  chemical  consti- 
tution. 

Harker,  also,  some  time  ago,  suggested  the  existence  of  horizontal  layers  of 
different  liquid  magmas  above  each  other,  thus  attempting  to  explain  the  presence 
of  quartz  in  basic  rocks  as  due  to  the  crystals  which  had  sunk  into  the  basic 
magma  from  a  more  acid  magma  floating  upon  it. 

The  second  theory,  that  or  liquid  differentiation,  regards  such  layers  as  actually 
produced  by  the  spontaneous  division  of  a  magma  into  two  liauids  of  different 
composition,  and  if  it  be  tenable  seems  more  capable  of  explaining  the  geological 
facts. 

The  experiments  bearing  on  the  subject  are  well  known,  and  have  been  quoted 
by  Backstrom  and  Teall ;  mixtures  of  pnenol  and  water,  or  of  aniline  and  water, 
which  form  a  homogeneous  solution  above  a  certain  temperature,  may  below  that 
temperature  (which  is  a  sort  of  critical  point  of  the  solution)  divide  into  two 
solutions,  one  consisting  of  phenol  in  excess  of  water,  the  other  of  water  in  excess 
of  phenol }  and  these  two  solutions  are  not  miscible,  but  separate  into  two  distinct 
layers. 

Many  pairs  of  substances  have  now  been  found  to  exhibit  this  incomplete 
miflcibility,  which  varies  with  the  temperature  and  may  at  certain  temperatures 
become  complete ;  among  them  are  some  of  the  metals  such  as  zinc,  lead,  oismuth, 
and  silver. 

If  rook-magmas  can  really  behave  in  this  way,  there  is  no  difficulty  in  explain- 
ing their  differentiation ;  but  experiments  upon  fused  silicates  have  not  disclosed 
anything  of  the  sort,  though  they  are  made  far  below  the  critical  temperature. 

The  case  of  nicotine  and  water,  which  has  recently  been  described  by  Hudson, 
is  remarkable  and  sug^tive :  above  a  temperature  of  205°  a  mixture  in  equal  pro- 
portions is  a  clear  liquid;  at  205°  it  divides  into  a  saturated  solution  of  nicotine 
in  water  floating  on  a  saturated  solution  of  water  in  nicotine ;  at  OOP  these  two 
layers  change  places ;  at  64^  they  mix  again  and  the  liquid  becomes  once  more 
homogeneous. 

It  is,  of  course,  possible  that  fused  silicates  at  experimental  temperatures 
correspond  to  nicotine  and  water  below  64°,  and  that  rock-magmas  correspond  to 
the  same  mixture  at  higher  temperatures. 

In  discussing  the  reasons  why  in  laccolites  of  the  Square  Butte  type  the 
margin  should  Iw  more  basic,  and  in  laccolites  of  the  Magnet  Gove  type  more  acid 
than  the  centre,  Washington  regards  the  magma  as  a  mutual  solution  of  an  alumo- 
alkaline  substance  with  a  ferro-magnesian  substance ;  whichever  of  these  is  in 
excess  may  be  regarded  as  solvent,  and  crystallises  first,  for  example,  either  the 
syenite  or  the  shonkinite.  In  a  laccolite  where  no  differentiation  has  taken  place, 
as  in  the  Henry  Mountains  type,  he  supposes  the  mixture  to  be  eutectic  or  such 
that  they  crystallise  together.  Pirsson,  in  a  paper  recentlv  published  upon  the 
'  Highwood  Mountain  Ijaccolites  of  Montana,  while  attributing  a  greater  part 
in  the  process  to  the  action  of  convectbn  currents,  also  regards  the  ferro-magnesian 
minerals,  taken  together,  as  constituting  the  solvent  and  crystallising  first  as 
shonkinite. 

In  fact,  stated  auite  baldly,  these  latest  views  tend  to  a  compromise  between 
the  two  theories  wnich  I  have  just  mentioned.  They  regard  the  splitting  of  the 
magma  as  produced  by  a  firactional  crystallisation,  only  now  the  mass  which 
crystallises  is  not  a  mineral  but  a  rock ;  in  other  words,  they  assume  that  rocks 
may  be  dissolved  in  each  other,  and  may  crystallise  from  each  other  as  though 
they  were  minerals.  ^  r^r^n]^ 
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In  this  matter  of  magmaticdifTerentiation,  then,  there  has  been  during  the  last 
few  jears  a  large  accumulation  of  geological  eyidence,  a  little  new  speculation^but 
practically  no  new  experimental  work,  and  scarcely  any  progress. 

Mineral  DiffereiUicUion  and  Eutectics. 

Let  us  pass  to  the  second  petrographical  problem,  that  of  mineral  differen- 
tiation, the  nature  and  order  of  the  minerals  which  crystallise  when  a  cooling 
magma  becomes  a  solid  rock  mass. 

It  has  been  laid  down  by  Rosenbusch,  and  is  accepted  as  a  general  rule 
(in  spite  of  many  exceptions)^  that  the  order  in  which  the  various  minerals 
crystallise  is  one  of  increasing  acidity,  ores  and  oxides  and  so-called  aocessory 
minerals  first,  then  those  minerals  which  are  comparatiyely  poor  in  silica^  then 
those  which  are  richer,  and  finally,  if  it  be  present  m  excess,  the  silica  itself.  It 
has  also  been  supposed  that  the  order  may  be  one  of  the  fusibility  of  the  yarious 
minerals  under  the  conditions  of  their  formation;  the  least  nisible  minerals 
being  the  earliest  to  crystallise,  and  the  most  fusible  the  latest.  Interesting 
speculations  concerning  the  melting-point  of  quartz  at  high  pressures,  and  its  con- 
sequent order  of  crystallisation,  haye,  for  example,  been  published  recently  by 
Btromeyer  and  Cunningham. 

It  is  not  necessary,  however,  to  regard  the  molten  magma  as  a  mere  mixture 
of  fused  minerals  which  solidify  more  or  less  independently  and  consecutively;  it 
is  more  reasonable  to  regard  the  whole  magma  as  a  solution  in  which  the  various 
minerals  are  dissolved,  and  from  which  they  crystallise  as  it  oools.  Now  the 
temperature  at  which  a  substance  separates  from  solution  is  generally  far  below 
its  melting-poiut,  and  the  order  in  which  the  constituents  of  a  mixed  solution  will 
crystallise  is  the  order  of  their  solubility  in  it,  and  bears  no  direct  relation  to  their 
fusibility  or  to  their  chemical  composition. 

Teall  in  1001,  after  discussing  the  controversies  and  the  evidence  on  which 
they  are  based,  came  to  the  conclusion  that  rock-magmas  are  solutions,  and  that 
the  order  in  which  the  minerals  consolidate  depends  upon  the  nature  of  the  con- 
stituents  and  their  properties,  and  is  not  by  any  means  the  order  of  their  freesing- 
points.  As  to  the  particular  minerals  which  crystallise,  he  thought  that  the 
molecular  grouping  in  the  magma  is  determined  by  mass  action  and  by  the  mutual 
affinities  of  the  bases,  the  silica,  and  the  alumina.  Concerning  future  research  he 
ventured  to  predict  that  the  next  advances  were  to  be  made  by  experiment  con- 
trolled by  the  modem  theorv  of  solutions. 

Thirtieen  years  earlier  Teall  had  himself  contributed  a  valuable  suggestion 
based  upon  Guthrie's  work  on  cryo-hydrates.  When  a  mixture  of  nitrate  of  lead 
and  nitre  is  fused  and  allowed  to  cool,  the  constituent  which  is  in  excess  will 
crystallise  out  as  from  a  solvent  until  the  proportions  left  in  the  liquid  state 
are  47  of  lead-nitrate  to  53  of  nitre,  and  this  mixture  wUL  then  solidify  at 
207^,  not  as  a  uniform  compound,  but  as  an  intimate  mixture  of  the  two  salts, 
the  eutectir,  which  crystallises  at  the  lowest  poesiMe  temperature,  and  is  the  only 
mixture  which  has  exactly  the  same  compo^tion  as  the  liquid  from  which  ft 
solidifies.  Teall  made  the  illuminating  suggestion  that  microp«>gmatite  is  an 
eutectic  consisting  of  quartz  and  felspar,  and  represents  in  certain  rocks  the 
final  mother-liquor  from  which  the  other  minerals  have  crystallised  out  Eutectics 
in  metallic  alloys  have  been  much  studied  during  recent  years :  in  the  Address 
of  1901  Teall  was  able  to  strengthen  his  case  by  showing  that  spherulitic.  and 
micropegmatitic  structures  found  in  obsidian  and  other  acid  rooks  are  paralleled 
by  similar  structures  developed  in  eutectic  alloys,  according  as  they  have  been 
rapidly  or  slowly  cooled. 

In  the  fbllowing  year  appeared  a  theoretical  paper  by  Meyerhoifer  concerning 
the  ideal  case  of  a  molten  mixture  of  two  substances,  a  and  A,  which  do  not  sufier 
double  decomposition,  nor  form  a  double  salt,  nor  an  isomorphous  mixture, 

liet  a  diagram  be  constructed,  with  temperatures  as  ordinates  and  oompositioii 
of  the  magma  as  abscisse,  giving  ly  a  curve  the  nature  of  the  magma  which  is  in 
equilibrium  with  either  soli  i  a  or  solid  b.    The  curve  has  the  form  of  s  V  >  oi^ 
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ann  represents  the  temperature  and  constitution  of  the  liquid  which  can  he  in 
equilihrium  with  a,  and  the  other  that  of  the  liquid  which  can  he  in  equilihrium 
with  b ;  and  the  lowest  point  corresponds  to  the  eutectic,  which  is  in  contact  with 
hoth. 

Let  a  point  ahove  the  curve  represent  the  temperature  and  constitution  of  the 
liquid  magma  containing  excess  of  d ;  as  the  magma  cools  this  point  descends  to 
the  b  branch  and  travels  along  it  while  b  is  crystallising  out,  until  the  eutectic 
point  is  reached,  when  a  and  b  both  crystallise  out  together  at  a  temperature 
below  the  melting-point. of  either.  The  order  of  crystallisation  is  therefore  deter- 
mined solelj  by  the  composition  of  the  magma  as  compared  with  that  of  the 
eutectic.  If,  however,  the  liquid  be  cooled  slowly,  crystallisation  may  be  postponed 
until  it  hfts  become  supersaturated  with  regard  to  one  constituent  or  the  other,  or 
both ;  a  state  of  affairs  represented  by  a  prolongation  of  the  arms  of  the  V  below  its 
lowest  point,  and  then  the  order  of  the  crystallisation  may  be  inverted. 

In  a  rock-mi^pna  there  are  of  course  many  other  factors  to  be  taken  into  account 
as  determining  the  order  in  which  the  minerals  separate ;  for  example,  the  forma- 
tion of  both  double  salts  and  isomorphous  mixtures,  the  possible  production  of 
unstable  solid  compounds  which  may  become  converted  into  stable  compounds  or 
may  be  redissolved  Koon  after  they  have  come  into  existence ;  and  also  the  relative 
velocities  of  crystallisation,  changes  of  temperature  and  pressure,  action  of  steam, 
&c. ;  but  the  principle  laid  down  by  Meyerhoffer  must  be  that  which  controls 
the  process. 

It  might  be  objected  that  on  this  hypothesis  the  consolidation  of  every  rock- 
maps  ought  to  terminate  with  a  eutectic  mixture,  whereas  this  appears  to  be  by 
no  means  the  case ;  in  fact,  it  is  only  among  some  acid  rocks  that  structures  much 
resembling  the  eutectic  mixtures  of  alloys  are  to  be  found.  On  the  other  hand,  if 
the  conditions  of  cooling  are  such  that  the  magma  becomes  supersaturated  with 
one  mineral  after  anoth<>r,  it  will  overshoot  the  eutectic  composition  before  each 
crystallises,  and  the  final  consolidation  may  be  a  well-marked  sequence  instead  of 
a  simultaneous  crystallisation. 

The  controversies  which  have  ragrd  concerning  the  classification  of  rocks  and 
their  nomenclature  appear  to  me  to  contribute  little  to  the  real  advancement  of 
knowledge.  There  are,  I  think,  two  more  profitable  lines  of  research  which  should 
accompany  each  other.  We  may  take  the  facts  as  we  find  them  and  endeavour  to 
explain  them  by  the  known  laws  of  solutions  aided  by  the  phase-rule,  provided  that 
we  have  good  reason  to  believe  that  rock-magmas  behave  like  solutions,  and  we 
may  make  experiments  upon  slags  and  fused  silicates  and  ascertain  how  far  they 
resemble  natural  rocks  in  their  behaviour  and  their  mineral  constitution.  Some 
of  the  workers  in  this  field  have  been  led  to  regard  rock-magmas  as  undoubtedly 
similar  to  ordinary  solutions ;  others  hesitate  to  seek  an  explanation  for  their 
features  in  the  laws  which  govern  the  solutions  studied  in  the  laboratory.  The 
two  views  are  represented  in  the  persons  of  the  two  men  whose  names  are  most 
closely  identified  with  recent  experiments,  Vogt  of  Ghristiania  and  Doelter  of 
Graz. 

Doelter^ 8  Work  on  Melting-Points  and  Solubilities. 

The  labours  of  Doelter  and  his  pupils  have  been  largely  devoted  to  the  melting- 
points  of  the  rock-forming  minerals  and  their  solubility  in  silicate  magmas.  From 
experiments  upon  these  minerals  and  their  mixtures  they  have  come  to  the  conclu- 
sion that  in  many  cases  the  melting-point  of  the  mixture  is  about  the  mean  of  the 
melting-points  of  the  constituents,  and  that  in  such  cases,  therefore,  there  is  no 
evidence  that  the  freezing-point  is  lowered,  or  that  a  eutectic  mixture  is  formed; 
so  that  it  is  not  safe  to  apply  the  theory  of  cryo-hydrates  to  fused  mixtures  of 
silicates. 

Doelter  is  therefore  led  to  regard  the  silicate-magmas  rather  as  mixtures  of 
various  constituents  which  may  be  dissolved  in  each  other,  but  which  are  not  by 
any  nMins  necessarily  identical  with  the  minerals  which  separate  on  cooling.  The 
^      whole  process  sosms  to  him  to  be  far  too  complicated  to  be  explained  by  any  such 
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simple  principle  as  the  mere  relative  proportions  of  the  various  constituents  i<y 
each  other  and  to  their  eutectic  mixture;  the  order  of  crystallisation  must  he 
determined  hy  a  numher  of  factors,  such  as  temperature,  velocity  of  crystallisation,, 
the  interval  between  the  softening  and  fusing  of  each  mineral  (which  he  finds  to  be 
considerable),  viscosity,  capillarity,  the  presence  of  water  and  mineralising  agents, 
and  the  absorption  of  adjacent  rocks. 

To  choose  a  simple  example :  minerals  such  as  zircon,  corundum,  and  titanite 
separate  for  the  most  part  early,  because  they  are  less  soluble.  On  the  other  hand, 
magnetite  is  one  of  the  more  soluble  minerals,  and  yet  it  is  one  of  the  firat  to 
separate ;  the  same  is  to  a  certain  extent  true  of  augite,  but  not  alwa3r8.  It  is 
possible  that  in  a  magma  which  still  contains  the  iron  of  the  magnetite  in  solution 
plagioclase  and  augite  may  be  comparatively  soluble  and  magnetite  comparatively 
ini»oluble,  but  that  when  magnetite  has  already  crystallised  out  from  the  magma 
the  plagioclase  and  augite  may  be  comparatively  insoluble ;  the  experiments  which 
are  wanted  are  experiments  upon  the  solubility  of  certain  minerals  in  magmas  of 
known  composition  under  known  conditions ;  m  these  and  similar  instances  the 
order  of  separation  is  that  of  the  solubility,  but  such  physical  factors  as  the  velocity 
of  crystallisation  (which  varies  very  considerably  with  the  temperature),  and  the 
viscosity,  may  completely  inirert  the  order. 

Direct  experiments  made  by  Barus  and  Iddings  upon  the  electric  conductivity 
of  silicate  magmas  afford  evidence  that  such  magmas  contain  dissociated  aa  well  as 
undissociated  molecules,  so  that  they  cannot  be  regarded  as  merely  fused  mixtures  of 
certain  minerals.  If  two  or  more  rock-forming  minerals  be  fused  together  it  may 
happen  that  they  form  new  compounds  and  crystallise  out  as  different  minerals, 
or  if  one  or  the  other  remains  unchanged  it  may  crystallise  out  in  a  different  pro- 
portion. All  this  shows  that  double  decomposition  goes  on  in  the  liquid.  We 
cannot  therefore  expect,  without  knowing  the  degree  of  dissociation,  to  make  much 
use  of  the  lowering  of  the  freezing-point  in  order  to  calculate  the  other  factors  in 
the  process  of  rock- formation. 

Doelter  concludes  that  upon  the  whole  the  normal  order  of  crystallisation  in 
rocks  is  in  the  main  that  laid  down  by  Rosenbusch  long  ago,  namely,  an  order  of 
increasing  acidity,  but  that  it  is  determined  by  the  mutual  affinities  of  the  mole- 
cules in  the  magma,  and  by  the  relative  power  of  crystallisation  of  the  componente 
into  which  they  unite  themselves,  and  that  the  physical  factors  which  I  have 
already  enumerated  play  a  very  important  part  in  the  process.  No  one  has 
endeavoured  more  systematically  than  Doelter  to  determine  for  the  rock- forming 
minerals  the  melting-points  and  the  flolubilitief^,  without  which  it  is  impossible  to 
make  much  progress  in  our  reconstruction  of  the  history  of  rocks.  He  has  recentlv 
shown  us  how  the  microscope  may  be  used  in  the  study  of  fused  silicates  nt  higfi 
temperatures,  and  has  so  opened  up  a  new  field  of  research. 

Vogt's  Applications  of  tihe  Laws  of  Solutions, 

The  work  of  Vogt  has  extended  over  many  years,  and  is  now  summarised  in 
two  remarkable  memoirs  recently  published  by  him,  in  which  are  expressed  his 
mature  opinions  upon  silicate  magmas;  the  reasoning  is  based  upon  his  own 
experiments,  upon  those  of  Doelter,  and  upon  the  classic  researches  of  Akerman. 
It  is  now  generally  conceded  that  the  particular  minerals  produced  in  a  silicate 
magma  depend  much  more  upon  the  chemical  composition  of  the  magma  than 
upon  temperature  and  pressure ;  Lagorio  and  Morozewicz  were  led  to  this  con- 
clusion by  their  own  experiments  upon  fused  silicates.  Experiments  upon  slags 
at  ordinary  temperatures  and  pressures  may,  therefore,  be  invoked  to  elucidate 
the  formation  or  rocks. 

In  1902  Vogt  stated  his  conviction  that  the  laws  of  solutions  may  be  applied 
to  igneous  rocks,  and  his  two  recent  memoirs  are,  in  fact,  an  attempt  to  explain 
the  experiments  upon  slags  and  fused  silicates  as  examples  of  the  operation  of 
these  laws. 

All  important,  according  to  him,  is  the  composition  of  the  eutectic  mixture ; 
he  finds  that  if  the  analyses  of  silicate  magmas  be  arxanged  according  to  theiY 
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oxygen  ratio  or  acidity,  the  yarioas  minerals  of  which  they  consist  make  their 
appearance  within  fairly  well-defined  limits.  For  example,  in  the  case  of  tho 
Cfa-Mg-Fe-Mn  slags,  which  contain  little  alumina,  ohviDe  and  the  melilite 
minerals  only  make  their  appearance  in  the  more  basic  slags,  and  the  meta* 
silicates  in  the  more  acid,  the  limit  between  the  two  corresponding  to  an  acidity 
of  about  1-0. 

The  limit  of  individualisation  between  the  various  minerals  is  supposed  to 
correspond  to  their  eutectic  mixture.  Such  slags  may,  therefore,  be  regarded  as 
a  mutual  solution  of  two  or  more  of  the  minerals  oliyine,  enstatite,  hypersthene, 
augite,  the  gehlenite-melilite  group,  akermanite,  wollastonite,  and  the  nexagonal 
roetasilicate,  which  is  so  characteristic  of  the  more  acid  slags.  The  particular 
minerals  which  make  their  appearance  are  practically  determiued  by  the  acidity 
of  the  magma  and  by  the  relative  projjortion  of  the  bases  present,  particularly  by 
the  ratio  of  the  calcium  to  the  magnesium-iron-manganese  group ;  in  other  words 
Vogt  assorts  that  a  silicate  magma  is  a  mutual  solution  of  the  various  crystalline 
compounds  that  actually  make  their  appearance  as  it  solidifies,  and  that  the  order 
of  crystallisation  depends  upon  their  proportion  in  the  magma  as  compared  with 
their  proportion  in  the  eutectic.  The  old  conception  of  a  solvent  and  a  solute 
ceases  to  nave  much  meaning ;  the  matter  which  is  of  supreme  importance  is  the 
nature  of  the  eutectic  mixture  when  the  constituents  sre  given;  thus  micro* 
pegmatite  and  microfelsite  represent  the  eutectic  of  felspar  and  quartz,  and 
correspond  to  a  mixture  of  about  74  parts  of  felspar  to  26  of  quartz,  as  indeed  has 
been  stated  by  Teall. 

Now,  if  we  are  justified  in  regarding  rock-magmas  and  fused  silicates  as 
mutual  solutions  of  certaia  definite  compounds,  and  if  these  compounds  are  actual 
minerals  or  other  silicates  which  crystsllise  out  of  the  magma  when  it  cools,  we 
are  also  justified  iu  making  use  of  the  properties  of  tbese  minetals  when  we  apply 
to  the  magma  the  known  physico-chemical  laws  which  govern  solutions. 

The  number  and  nature  of  the  minerals  which  can  be  in  equilibrium  with 
each  other  and  the  solution  are  to  be  determined  by  experiments  upon  their 
solubility  interpreted  by  the  phase-rule  of  Willard  Gibbs,  and  especially  by  the 
laws  which  Roozeboom  and  other  physical  chemists  have  deduced  for  components 
which  form  double  salts  or  isomorphous  mixtures.  Knowing  the  components  we 
ought,  therefore,  to  be  able  to  determine  their  latent  heat  of  fusion,  their  specific 
heat,  the  lowering  of  the  freezing-point  of  their  mixtures,  and  from  these  data 
to  calculate  the  true  formulae  of  the  rock-forming  minerals.  It  will  readily  be 
understood  that  in  a  mixture  of  quartz  and  orthoclase,  the  lowering  of  the 
freezing-point  below  that  of  either  of  the  constituents,  as  calculated  by  vati 
't  Hoff*s  formula,  from  their  melting-points,  latent  heats,  and  molecular  weights, 
will  be  very  difierent  according  as  the  formula  of  quartz  is  taken  to  be  SiO« 
or  Si/),,. 

Vogt  boldly  attacks  the  whole  problem  as  one  that  can  be  solved  on  thesa 
lines :  we  have  good  reason  to  believe  that  the  slags  and  rock-magmas  are  solu- 
tions; we  know  their  constituents;  we  can  therefore  proceed  to  experiment  with 
these  constituents  and  to  predict  the  behaviour  of  their  mixture  according  to  tha 
irinciples  of  physical  chemistry.  The  order  of  crystallisation  is  mainly  determined 
}j  the  relative  composition  of  the  magma  and  the  eutectic,  and  the  composition 
of  the  eutectic  may  be  calculated  from  the  intersection  of  the  freezing-curves. 

One  interesting  result  is  the  conclusion  that  in  the  silicate  magmas  whicH 
have  been  the  subject  of  experiment  the  minerals  produced  are  all  of  very  simple 
constitution  ;  that,  for  example,  olivine,  diopside,  akermanite,  melihte,  and 
anorthite  have  the  simplest  possible  formulas  corresponding  to  their  analysea 
and  are  not  polymerised.  Mineralogists  will  welcome  this  conclusion  if  it  bn 
true,  for  it  has  occasionally  been  the  fashion  on  theoretical  grounds  to  attribut^t 
a  high  degree  of  polymerisation  to  many  minerals,  and  nothing  is  easier  than  tn 
account  for  many  difficulties  if  one  may  multiply  the  formula  of  a  mineral  by 
any  number  that  is  required.  It  should  be  added,  however,  that  Doelter,  calcu- 
lating from  his  own  experiments,  is  led  to  think  that  some  of  the  minerals  must, 
have  formulas  which  are  multiples  of  their  empirical  formulaa.^^  ^^.^^^  bvGoOQlc 
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Vogt  even  gx>e8  a  step  further  in  hiB  application  of  the  priDciples  of  modern 
chemistry,  llie  order  of  crystallisation  appears  to  be  by  no  means  always  that 
of  the  solubility,  but  indicates  that  a  mineral  is  sometimes  not  so  soluble  as  might 
be  supposed.  Now  another  principle  in  the  modern  physics  of  solutions  is  that 
by  adding  to  a  solution  of  one  substance  a  new  electrolyte  containing  an  ion 
common  to  both  the  solubility  of  the  first  is  diminished,  and  Vogt  does  not 
hesitate  to  apply  this  principle. 

Thus  spinel  and  lelspar  in  mutual  solution,  when  felspar  is  in  large  excess^ 
should  on  cooling  yield  felspar  first.  But  in  many  basic  rocks  spinel  is  the  first 
to  crystallise ;  this  is,  according  to  Vogt,  due  to  the  presence  of  ferro-magnesian 
silicates  containing  the  Mg-ion  which  is  also  present  in  spinel ;  if  these  be  partially 
dissociated  the  solubility  of  the  aluminate  will  be  lowered. 

An  obvious  criticism  on  this  argument  is  that  if  the  dissociation  is  so  slight 
that  it  may  be  ignoied  for  one  purpose,  it  is  hardly  fair  to  invoke  its  powerful 
action  for  another,  and  it  is  possible  that  Vogt  in  his  enthusiasm  for  a  theory 
attempts  to  explain  too  much  by  its  aid. 

It  is  clear,  however,  that  the  labours  of  Vogt  have  been  precisely  in  the 
direction  indicated  by  Teall  in  the  words  that  I  have  quoted, '  experiment  con- 
trolled by  the  modem  theory  of  solution ' ;  and  if  his  opponents  are  tempted  to 
think  that  he  may  have  carried  the  principle  too  far  with  insufficient  data,  thev 
cannot  but  admire  the  brilliancy,  the  persistency,  and  the  ingenuity  with  which 
he  has  applied  the  newer  theories  of  solution  at  every  turn. 

Ueycock  and  Neville* 8  Work  on  Alloys, 

I  must  next  refer  briefly  to  another  remarkable  series  of  researches  which  have 
recently  been  published. 

The  laws  which  govern  the  solutions  of  metals  in  metals,  that  is  to  say  alloyn, 
appear  to  be  the  same  as  those  which  prevail  in  the  case  of  other  solutions^  it  is 
in  alloys  that  the  nature  of  eutectic  mixtures  has  been  most  fully  studied ;  and  the 
phase-rule  and  Hoozeboom's  deductions  from  it  have  been  applied  with  signal 
success  to  their  investigation.  A  new  impulse  has  been  given  to  the  subject  by 
the  work  of  Heycock  and  Neville  which  is  summarised  in  their  Bakerian  lecture 
delivered  last  year  upon  the  copper-tin  series  of  alloys.  They  have  studied  the 
changes  which  occur  during  the  cooling  of  au  alloy  by  taking  small  ingots  of  the 
cooling  metal  and  chilling  them  at  certain  temperatures ;  this  arrests  Uie  gradual 
process  of  cooling  and  causes  all  that  is  liquid  at  the  moment  of  chilling  to  become 
suddenly  solid ;  it  is  then  possible  by  polishing  and  etching  the  ingot  to  show  the 
solid  crystals  set  in  the  congealed  ground-mass  and  to  study  their  nature.  They 
have  been  able  to  interpret  their  results  by  means  of  Iloozeboom*s  remarkable  work 
on  the  solidification  of  mixed  crystals  published  in  1899.  For  our  present  purpose 
it  is  sufiicient  to  consider  these  results  as  applied  only  to  alloys.  If  a  diagram  be 
constructed  with  the  temperatures  for  ordinates  and  constitution  for  abecissfe, 
Roozeboom  has  shown  that  two  curves  may  be  drawn.  The  first  is  the  freezing- 
point  curve,  or  liquidus,  giving  the  temperatures  at  which  an  alloy  of  any  compo- 
sition begins  to  solidify  :  this  is  a  broken  curve  and  each  section  of  it  represents 
the  temperature  of  equilibrium  between  the  liquid  and  a  diii'ereut  solid  alloy ;  the 
breaks  represent  the  temperatures  and  constitution  of  the  liquid  at  which  one 
solid  ceases  to  be  produced  and  another  begins.  The  curve  is,  of  course,  far  more 
complicated  than  the  simple  V  of  Meyerhofier,  since  that  represents  the  cooling  of 
a  mixture  whose  constituents  do  not  form  compounds  or  isomorphous  mixtures, 
whereas  the  alloys  do  both.  In  this  respect  the  alloys  resemble  a  silicate  magma 
which  is  crystallising  as  a  rock-mass;  indeed  it  will  be  remembered  that  Mende- 
ItSef  insists  upon  the  general  similarity  of  silicon  compounds  to  metallic  alloys. 

The  second  curve  of  Roozeboom  is  the  melting-point  curve,  or  soiidusy  repre- 
senting the  temperatures  at  which  an  alloy  of  given  composition  becomes  com- 
pletely solid.  Points  above  the  liauidus  represent  the  condition  of  alloys  which  are 
completely  liquid  ;  points  below  the  solid  us  that  of  alloys  which  are  completely 
solid  ',  points  between  the  two  that  of  cooling  alloys  which  are  only  partially  solid  ^ 
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ftUd  the  curves  theinaelvefi  show  which  solid  compounds  can  be  in  equilibrium  with 
the  liquid  and  with  each  other  at  any  temperature. 

The  oooliogHSuryes  of  Roberts-Austen  and  Stansfield  had  shown  that  con- 
siderable evolutions  of  heat  may  occur  in  cooling  alloys  far  below  the  temperature 
of  solidification,  indicating  that  changes  are  going  on  in  the  solid  as  well  ss  in 
.the  )iquid  condition.  Heycock  and  ISeviUe  carry  their  investigations  below  the 
temperature  of  complete  solidification  and  study  these  changes  eSeo, 

in  the  case  of  the  copper-tin  series  of  alloys  they  find  that,  according  to  the 
temperature  and  constitution  of  the  liquid,  crystals  belonging  to  no  less  than  six 
different  types  may  separate,  namely: — 


a  solid  solution  of  Ou  with  lees  than  9  per  cent,  of  Sn. 
8f    a  solid  solution  of  Cu  with  less  than  27  per  cent,  of  Sn. 

of  which  the  constitution  is  not  known. 

which  probably  has  the  composition  Ou4Sn. 
17,  which  probably  has  the  composition  Cu«Sd. 
H,  which  probably  has  the  composition  Ou^n. 


I 


Both  /3  and  y  are  unstable  at  ordinary  temperatures.  The  compound  d  crystallises 
out  of  jS  or  y  while  they  are  already  in  the  solid  state,  when  the  temperature  falls 
sufficiently. 

A  glance  through  the  101  photc^aphs  of  chilled  and  etched  ingots  which  accom- 
pany Ileycock  and  Neville's  paper  on  this  series  of  alloys  shows  now  impossible  it 
would  be  from  the  final  composition  of  the  solid  alloy  to  ascertain  the  various 
stages  through  which  it  has  passed  during  cooling ;  as  the  authors  remark,  it  is  of 
the  nature  of  a  palimpsest.  For  example,  the  alloy,  containing  14  atoms  of  tin  to 
66  of  copper,  consists  at  800^  of  a  crystals  in  a  ground-mass  which  probably  con- 
tains/3; it  solidifies  at  about  775° :  at  675°  there  are  only  fi  crystals ;  at  600°  there 
are  a  and  /3  crystals,  but  here  a  has  crystallised  out  of /§  after  it  became  solid  ;  at 
530^  there  is  a  much  larger  proportion  of  a ;  at  470°  there  are  a  crystals  immersed 
in  a  mixture  of  a  and  d  into  which  the  residual  ^  has  broken  up  on  cooling. 

If  the  course  of  events  is  so  complex  in  an  alloy  of  only  two  metals,  how  much 
more  difficult  must  it  be  to  decipher  in  the  case  of  a  mass  of  complicated  silicates 
which  are  even  more  prone  to  form  isomorphous  mixtures,  such  as  we  have  in  a 
solid  rock,  not  to  mention  the  additional  presence  of  aluminates,  oxides,  and 
sulphides.  And  yet  geologists  are  accustomed  to  speculate  freely  about  the  crys- 
tallisation of  rock  constituents  from  the  magma  without  taking  account  of  any- 
thing save  the  final  stage. 

I  caunot  help  thinking  that  the  experimental  method  of  Heycock  and  Neville 
will  have  to  be  applied  to  the  study  of  slags  and  fused  silicates  if  we  are  to  trace 
succei^sfully  the  evolution  of  rock  species.  The  value  of  their  work  to  geologists 
is  not  only  that  the  results  are  skilfully  interpreted  by  the  light  of  modem  physical 
chemistry,  but  primarily  that  it  is  experimental  work  upon  actual  crystaUising 
materials. 

SuperstUuraied  Solutions. 

I  do  not  myself  see  how  we  can  do  otherwise  than  apply  to  the  study  of  rock- 
magmas  all  that  can  be  learnt  from  physical  chemists  concerning  the  behaviour  ot 
solutioiif,  for  though  we  cannot  attain  in  laboratory  experiments  the  high  tempera- 
tures and  grent  pressures  at  which  rocks  may  have  crystallised,  there  is  no  reason 
to  believe  that  these  introduce  more  than  a  difl'erence  of  degree.  The  principles  ot 
equilibrium  between  the  various  crystallising  components*  probably  remain  the 
same,  whatever  may  be  the  temperatures  and  pressures  at  which  they  have 
solidified. 

It  must  at  the  same  time  be  confessed  that  most  of  the  experiments  upon  which 
the  modern  theory  of  solutions  has  been  built  up  have  been  conducted  upon  dilute 
solutions,  whereas  the  problems  of  crystalline  growth  are  concerned,  not  with  dilute 
nor  even  with  saturated  solutions,  but  only  with  solutions  which  are  supersatu- 
rated. There  is  some  force  in  the  objection  of  Doelter  that  the  results  of  such 
ezperimenta  may  not  be  directly  applicable  to  crystallising  slags. 
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For  example,  as  I  kave  already  mentioned,  doubt  kas  been  ezpreseed  in  tlie 
case  of  silicate  magmas,  whether  the  substances  in  solution  are  the  minerals  aboat 
to  crystallise  or  only  their  constitaents ;  whether  viscosity  and  supersaturation 
may  not  invert  the  theoretical  order  of  their  appearance ;  whether  we  are  to  take 
into  account  possible  dissociation  of  the  molecules  or  not ;  whether  the  presence  of 
a  common  ion  in  these  minerab  is  a  factor  which  determines  their  mutual  solu« 
bility.  In  fact,  very  little  is  known  about  the  actual  condition  of  the  materials 
in  a  strong  solution,  although  I  do  not  know  that  there  is  any  evidence  available 
which  forbids  us  to  regard  a  solution  about  to  crystallise  as  a  mixture  of  liquids 
one  of  which  is  about  to  pass  into  the  solid  state. 

But  if  little  is  known  about  the  nature  of  strong  and  supersaturated  solutions, 
a  good  deal  may  be  learnt  about  their  behaviour.  Having  complained  that  we 
need  experiments  in  this  field,  I  may  perhaps  be  pardoned  if  I  allude  to  some  un- 
published experiments  of  my  own  which  relate  to  the  general  behaviour  of  crystal- 
lising liquids,  and  appear  to  me  to  explain  two  difficult  problems  in  petrography. 
To  such  experiments  the  objection  of  Doelter  does  not  apply. 


Tlie  Metastable  and  Labile  Conditions. 

AVhen  a  solntion  of  any  salt  such  as  alum  or  sodium  nitrate  is  allowed  to 
crvstallise  at  a  uniform  temperature  the  crystals  will  only  grow  so  long  as  the 
solution  is  supersaturated ;  a  crystal  growing  in  the  supersaturated  solution  will 
continue  to  do  so  until  a  condition  of  equilibrium  is  attained.  If  the  solution  be 
kept  at  rest  and  maintained  at  a  constant  temperature,  the  crystal  will  continue  to 
concentrate  the  liquid  around  itself  and  to  withdraw  solid  material,  until  by  diffti* 
sion  of  the  impoverished  liquid  the  whole  ma^s  is  ultimately  reduced  to  saturation, 
equilibrium  is  established,  and  the  crystal  ceases  to  grow ;  but  most  saturated 
solutions  are  so  viscous  that  a  very  long  time  is  required  before  this  point  is 
reached.  Prolonged  and  vigorous  stirring  is  required  if  the  supersaturation  is  to  be 
completely  relieved  within,  say,  a  day ;  without  stirring  weeks  may  be  required. 

Further,  it  may  be  possible,  as  is  well  known,  to  keep  a  supersaturated  solution 
in  a  sealed  tube  for  years  without  change ;  and  it  is  also  possible  to  start  crystal- 
lisation in  such  a  liquid  by  dropping  into  it  a  crystal  of  the  dissolved  substance,  or 
of  one  isomorphous  with  it,   or  sometimes  bv  shaking  it. 

But  it  is,  perhaps,  not  generally  known  that  supersaturated  solutions  are  of  two 
sorts. 

In  1897  Ostwald  published  some  experiments  upon  supercooled  liquids  and 
supersaturated  solutions,  which  were  carried  out  with  the  object  of  showing  how 
extraordinarily  minute  are  the  quantities  of  solid  material  capable  of  starting  crystal- 
lisation in  such  liquids,  but  at  the  same  time  that  they  have  a  limit  of  size.  He 
called  attention  to  the  radical  difference  which  probably  exists  between  the  state 
of  a  saturated  solution  which  cannot  crvstallise  spontaneously  and  that  of  the 
more  strongly  supersaturated  solution  which  can  do  so. 

The  former  is  one  in  which  crystallisation  can  either  take  place  spontaneously 
or  can  be  induced  by  stirring  or  shaking,  or  a  variety  of  causes :  this  Ostwnld  calls 
the  labile  state.  The  latter  is  one  in  which  crystallisatibn  can 'only  take  place  if  a 
sdid  crystal  of  the  dissolved  substance,  or  a  fragment  of  one,  is  brought  into  contact 
with  the  liquid :  this  he  calls  the  metastable  state.  It  is  highly  probable  that  no 
amount  of  stirring  or  shaking,  or  introduction  of  foreign  substances,  can  make  the 
metastable  liquid  crystallise. 

Until  recently  no  attempt  to  ascertain  the  exact  limit  between  the  metastable 
and  labile  states,  or  even  to  establish  the  existence  of  such  a  limit,  had  been  suc- 
cessful, and  practically  no  attention  has  been  paid  to  the  difference  between 
them.  Tamman,  who  measures  the  spontaneous  power  of  crystallisation  by  count- 
ing the  number  of  the  centres  of  growth  or  nuclei  which  appear  in  a  super- 
saturated solution,  does  not  recognise  any  distinction  between  the  two  states. 

During  the  present  year  a  number  of  experiments  carried  on  by  Miss  F.  Isaac 
and  myself  upon  the  strength  of  solutions  from  which  crystals  are  growing  have 
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shown  that  it  is  easy  to  determine  the  changing  concentration  of  a  cooling  solution 
hy  an  optical  method,  to  show  that  it  passes  into  the  labile  state,  and  to  ascertain 
the  temperature  at  which  the  transition  occurs.  We  have  found,  for  example, 
that  a  sdution  containing  48  per  cent,  of  NaNO,  is  saturated  at  26^,  is  metastable 
between  26^  and  16°,  and  crystallises  sponta.Deously  below  that  temp^ture ;  one 
contiuning  52  per  cent,  of  NaNO,  is  saturated  at  44:°,  and  becomes  labile  at  35°. 

In  the  metastable  state  inoculation  by  a  solid  germ  of  the  dissolved  sub- 
stance, or  of  one  isomorphous  with  it,  is  necessary  in  order  to  cause  the  liquid  to 
crystallise ;  in  the  labile  condition  solid  germs  may  be  spontaneously  generated 
from  the  liquid.  Take,  for  example,  a  test  tube  filled  with  a  solution  of  sodium 
nitrate  containbg  48  parts  of  the  salt  in  100  parts  of  solution,  which  is  metastable 
at  ordinal*?  temperatures ;  if  crystals  make  their  appearance  in  this  solution  it 
will  only  be  because  the  dust  of  the  room  contains  minute  particles  of  sodium 
nitrate  which  fall  into  the  tube,  or  because  crystals  are  deposited  where  drops 
have  evaporated  near  the  surface,  and  accordingly  the  first  crystals  appear  at  the 
surface  of  the  liquid,  and  grow  there  until  they  are  large  enough  to  fall  to  the 
bottom.  I  find  that  snch  a  solution,  if  enclosed  in  a  sealed  tube  so  as  to  prevent 
access  of  germs  and  evaporation,  cannot  be  made  to  crystallise  above  the  tempera- 
ture of  16°,  although  it  is  supersaturated  at  all  temperatures  below  26°. 

Again,  let  a  hot  solution  of  the  same  strength  containing  48  per  cent,  of  the 
salt  be  allowed  to  cool  down  while  being  stirred.  If  dust  contaimng  NaNO,  can 
be  excluded,  the  liquid  will  not  crystallise  until  the  temperature  falls  to  16°,  when 
the  solution  passes  from  the  metastable  to  the  labile  condition.  A  cloud  of  nuclei 
will  then  form  throughout  the  liquid,  and  each  will  proceed  to  grow  as  a  separate 
crystal ;  the  immediate  effect  is  to  reduce  the  liquid  to  the  metastable  state  so 
that  no  more  crystals  are  produced,  but  each  of  these  continues  to  grow  from  the 
liquid  with  which  it  is  in  contact. 

If  dust  be  not  excluded^  crystals  may  make  their  appearance  upon  the  surface 
of  the  liquid  and  will  soon  sink ;  but  even  though  they  be  stirred  about  actively  in 
the  solution  the  liquid  as  a  whole  remains  in  the  metastable  state  till  a  t-emperature 
somewhat  below  16°  is  reached,  when  the  labile  region  is  entered  and  a  cloud  of 
new  crystals  makes  its  appearance. 

It  follows,  therefore,  that  in  a  cooling  supersaturated  solutk>n,  from  which 
germs  have  not  been  excluded,  there  are  normally  two  periods  of  growth :  one 
in  which  a  comparatively  small  number  of  isolated  crystals  are  growing  regu- 
larly, and  a  subsequent  period  in  which  a  shower  of  small  crystals  is  produced. 
Only  if  the  rate  of  cooling  be  sufficiently  slow,  or  the  stirring  be  sufficiently 
violent,  to  keep  the  liouid  iu  the  metastable  condition  will  there  be  no  second 
period,  no  sudden  precipitation  of  nuclei. 

These  events  take  place  in  all  the  aqueous  solutions  which  I  have  examined, 
and  I  am  surprised  that  they  have  not  been  discovered  before.  They  afford  a 
possible  explanation  of  two  common  features  of  igneous  rocks,  and  of  slsgs — 
namely,  the  growth  of  comparatively  large  and  isolated  porphyritic  crystals,  or  pheno* 
crysts,  and  the  appearance  of  the  same  mineral  at  two  or  more  different  periods. 
The  origin  and  the  arrested  growth  of  phenocrysts  have  generally  been  attributed 
to  sudden  change  of  temperature,  of  pressure,  or  of  hydration,  and  no  other 
plausible  explanation  has  been  given,  although,  as  has  been  »Dmetimes  pointed  out, 
they  may  occur  in  batholites  where  there  is  no  independent  evidence  of  such  changes. 
Pirsson  has  recognised  the  utter  impossibility  of  the  ordinary  theory  and  has 
recently  suggested  that  each  mineral  has  its  crystallisation  interval  during  which 
it  continues  to  grow,  and  that  this  is  terminated  by  the  increasing  viscosity  of  the 
magma,  which  checks  the  supply  of  further  material  to  the  growing  phenocrysts 
and  establishes  new  centres  or  crystallisation.  A  similar  explanation  was  adopte4 
by  Crosby  for  the  quartz-porphyry  of  the  Blue  Hills.  He  expresses  it  by  saying 
that  owing  to  the  increased  viscosity  the  rate  of  cooling  overtaxes  the  molecular 
flow,  which  cannot  keep  pace  with  the  crystallisation.  It  is  so  difficult  to  find  any 
satisfactorv  theory  for  the  growth  of  phenocrysts  that  they  have  even  been  attri- 
buted to  the  effect  of  earthquake  shocks. 

Now  in  a  silicate  magma,  in  all  probability,  the  temperature  is  sufficiently  high 
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to  be  that  of  the  metastable  condition,  the  rate  of  ooolinpf  sufficiently  slow  to- 
keep  the  liquid  in  that  condition  for  a  considerable  time,  and  the  viacosity  suf- 
ficiently great  to  prevent  the  growing  crystals  from  sinking  at  once ;  we  have, 
therefore,  all  the  conditions  favourable  for  the  growth  of  porphyritio  crystals ; 
these  must  have  generally  ori^nated  throughout  the  liquid  as  spontaneous  nuclei 
if  the  magma  entered  the  labile  state,  or  may  haye  been  started  by  inoculation  or 
cooling  at  the  margin  if  the  magma  as  a  whole  remained  in  the  metastable  state. 
In  the  latter  case  suppose  that  further  somewhat  sudden  cooling  brings  the  magma 
to  the  labile  condition,  then  there  will  be  a  sudden  and  spontkneous  second  growth 
of  nuclei  which  will  not  be  able  to  attain  the  dimensions  of  theporphyritic  crystals ; 
tve  have  hera  all  the  conditions  necessary  for  a  second  generation  of  one  of  the 
constituents  of  the  rock. 

It  is  not  necessary,  therefore,  to  suppose  that  changes  of  pressure  nlayed  any 
very  great  part  in  thepe  matters.  I  believe  it  will  be  found  that  constoerations  of 
temperature  and  solubility  are  far  more  important.  Similarly  in  the  case  of  the 
salt  deposits  van  't  Hoff  came  to  the  conclusion  that  practically  the  only  effect  of 
changes  of  pressure  is  to  displace  the  temperature  of  formation  of  the  various  com* 
pounds  and  not  to  alter  their  order  or  their  nature*,  he  estimate«  that  this  displace- 
ment is  comparable  with  that  of  the  melting-points  under  the  same  agency,  and  m  the 
case  of  the  calcium- magnesium  chlorides  only  amounts  to  a  few  thousandths  of  a 
degree  for  one  atmosphere  of  pressure. 

Perhaps  when  we  can  ascertain  the  temperature  at  which  silicate  magmas 
pass  from  the  metastable  to  the  labile  condition  we  may  use  this  knowledge  to 
determine  the  exact  temperature  at  which  certain  of  their  minerals  crystallised. 

Ordinary  petrogranhical  descriptions  supply  numerous  exami>les  of  the  difference 
between  the  metastable  and  labile  conditions  to  anyone  who  will  read  them  in  the 
light  of  the  suggestion  which  1  have  made ;  others  are  to  be  found  in  such  experi* 
ments  as  those  of  Vbgt  or  Doelter. 

My  own  hope  is  that  when  more  experiments  have  been  made  upon  mixed 
tupersaturated  solutions  it  will  be  found  that  most,  if  not  all,  of  the  features  of 
rock  development  are  parallelled  by  the  ordinary  processes  of  crystallisation,  but 
that  motion,  supersaturation,  and  supercooling  are  most  important  factors. 

The  very  similarity  between  the  differentiation  of  the  alumo-alkaline  and 
ferro-magnesian  minerals  on  a  small  scale  in  the  rock,  and  that  of  the  alumo- 
alkaline  tor  salic)  and  ferro-magnesian  (or  femic)  rocks  themselves  on  a  large 
scale,  points  to  some  similarity  of  origin. 

In  order  to  avoid  burdening  this  address  with  detail  I  have  merely  chosen  the 
researches  of  van  *t  Hoff,  Vogt,  Doelter,  and  Eleyoock  and  Neville  as  illustrations  of 
experimental  work  conducted  on  the  lines  of  modern  physical  chemistry,  and 
have  omitted  much  that  might  have  been  mentioned ;  the  valuable  researdies  of 
Pelouze,  LagoriO}  Morozewicz,  and  Loevinson-Lessing,  and  the  melting-point 
determinations  of  Joly  I  have  not  quoted,  because  they  belong  for  the  most  part 
to  an  earlier  period  than  that  which  I  am  considering,  and  have  been  discussed 
by  Teall  and  other  writers. 

Many  very  interesting  speculations  I  have  passed  over  entirely,  because  my 
object  has  been  to  focus  attention  upon  ex})enmental  evidence.  I  cannot  help 
thinking  that  these  speculations  are  often  based  upon  chemical  actions  and 
equilibria  that  may  be  impossible;  but  we  cannot  criticise  them  for  lack  of 
evidence,  and  I  return  to  my  original  statement  that  geology  is  only  beginning  to 
enter  the  experimental  stage. 

An  earnest  beginning  is,  however,  being  made.  The  researches  on  mineral  and 
rock  synthesis  which  I  have  already  quoted  are  laying  a  solid  foundation ;  and  I 
see  no  reason  why  something  of  the  sort  which  has  been  done  by  van 't  Hoff  and  his 
collaborators  for  the  aqueous  deposits  of  Stassfurt  should  not  ultimately  be  worked 
out  for  an  igneous  complex,  though  it  may  involve  tenfold  the  labour  and  tenfold 
the  time.  We  have  already  to  welcome  the  establishment  by  the  United  States 
Geological  Survey  of  a  laboratory  for  the  express  purpose  of  applying  to  minerals 
and  rocks  the  exact  methods  of  modern  physics  and  physical  chemistry.  The 
very  suggestive  research  of  Day  and  Allen  upon  the  thermal  properties  of  the 
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felspars  is  a  promlae  of  the  sort  of  work  that  may  be  expected  from  such 
laboratories. 

I  fear  it  will  be  only  too  evident  to  those  who  have  given  me  their  patience 
during  this  Address  that  I  approach  the  problems  considered  in  it  from  the  point 
of  view,  not  of  the  geologist  or  the  chemist,  but  of  the  crystallographer,  to  whom 
the  birth  and  growth  of  crystals  are  a  study  in  themselves.  Whether  we  watch 
with  the  microscope  a  tiny  crystal  growing  from  a  drop  of  solution,  or  contemplate 
with  the  imagination  the  stages  by  which  the  fiery  lavas  of  past  geological  periods 
sank  to  rest  and  crystallised,  we  view  the  same  process;  it  is  the  transformation 
of  liquid  into  crystal.  Not  necessarily  into  a  solia,  for  recent  research  shows  that 
there  is  no  dividing  line  between  Uqmd  and  solid;  a  plastic  solid  body  may  flow; 
a  solid  glass  is  only  a  supercooled  liquid ;  witness,  for  example,  the  experiments  of 
Adams  on  rocks,  and  of  Tamman  on  supercooled  liquids.  The  real  primary  distinc- 
tion is  between  crystalline  and  non-crystalline  material,  and  there  is  even  good 
reason  to  believe  that  some  crystals  are  liquid  without  ceasing  to  be  crystals. 

The  properties  of  most  rocks,  of  metals,  alloys,  ice,  and  many  other  substances 
are  due  to  the  fact  that  they  consist  of  crystals,  and  the  importance  of  the  study  of 
the  latter  is  now,  I  trust,  being  brought  home  alike  to  chemists,  physicists, 
geologists,  and  engineers  in  connection  with  problems  relating  to  the  strength, 
the  movemt-nts,  the  origin  and  changes  of  what  are  usually  called  solids. 

And  so  I  close,  as  befits  a  student  and  teacher  of  crystallosrraphy,  with  the 
hope  that  rsnewed  attention  may  be  paid  to  this  subject,  and  that  it  may  attract 
the  interest  of  many  a  keen  intellect  in  South  Africa.  The  higher  scientific 
studies  are  now  a<*tablishipg  themselves  as  an  integral  part  of  the  educational  and 
intellectual  life  of  the  country :  this  is  in  no  small  measure  due  to  the  South 
African  Association ;  and  we  may  hope  that  the  visit  of  the  British  Association 
will  be  of  some  help  to  her  younger  sister  in  the  task  of  difi^using  a  taste  and  an 
interest  for  the  pure  truths  of  science  and  the  studies  that  they  both  hold  dear, 


CAPE  TOWN. 

WEDNESDAY,  AUGUST  16. 

The  following  Papers  and  Reports  were  read : — 

'1.  Tlie  Geology  of  Cape  Colony.     By  A.  W.  Rogers,  M,A, 


2.  The  Classijieation  of  the  Karroo  Beds  of  South  Africa. 
By  R.  Broom,  M.D,,  D.Sc. 

An  attempt  is  made  from  the  study  of  fo&sil  remains  to  give  a  more  satisfac* 
tory  sub-division  of  the  Karroo  System  than  has  hitherto  been  possible.  The 
larger  sub-division  into  the  Dwyka,  Flct^a,  Beaufort,  and  Stormberg  Series  is 
tentatively  retained. 

The  Beaufort  Series  is  divided  into  three  parts.  The  lowest  series  is  character- 
ised by  the  presence  of  Therocephalians  and  Anomodonts.  These  lower  beds  can 
be  again  sub-divided  into  an  earlier  series,  in  which  occur  Pareiasaurus  and  Titano- 
suchug,  a  middle  series  characterised  by  the  prevalence  of  Dicynodon  and  (hidenodon^ 
and  an  upper  characterised  by  the  presence  of  Kistecephalus. 

Above  the  Lower  Beaufort  Beds  occurs  a  Middle  series,  characterised  by  the 
rarity  of  reptilian  remains  other  than  of  LystrosauruSy  which  is  very  abundant. 

The  Upper  Beaufort  Beds  are  characterised  by  the  presence  of  the  Cynodonts. 
In  the  earlier  sub-division  of  these  upper  beds  Procolophon  is  the  most  charac- 
teristic fossil,  and  in  the  upper  the  Oynodont  Cynognathiu, 
'    The  Stofmberg  Beds  appear  to  be  divisible  into  two  groups — ^a  lower,  the 
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Molleuo  Beds,  and  au  upper,  which  includes  the  Red  Beds,  the  Cave  Sandstoneiand 
the  Volcanic  group. 

The  Dwyka  and  Ecca  Series  are  considered  to  represent  the  Lower  and  Middle 
Permian  of  Europe,  and  the  Lower  Beaufort  Beds  tne  Upper  Permian. 

The  Middle  Beaufort  and  XJpper  Beaufort  Beds  ore  oelieYed  to  correspond  to 
the  Lower  and  Upper  Trias  of  Europe. 

The  Lower  Stormberg  Beds  are  belioTed  to  be  Bhastic,  and  the  Upper 
Stormherg  Beds  Lower  Jurassic. 


3.  The  Continent  of  Africa  in  relation  to  U^  Physical  History  of  the 
Earth}    By  Professor  W.  J.  Sollas,  F.R,S. 

In  accordance  with  the  results  obtained  mathematically  by  J.  H.  Jeans  ('  PhiL 
Trans.,'  1903,  A.  201,  p.  157),  the  gradual  evolution  of  the  form  of  the  earth  and 
the  distribution  of  the  oceans  may  be  supposed  to  have  been  somewhat  as  follows : 
*  Soon  after  the  birth  of  the  mooa  the  earth  acquired  a  form  like  that  of  a  pear^ 
and  so  solidified.  The  aqueous  atmosphere  then  condensed  to  form  an  ocean, 
which  would  be  deepest  round  the  neck  of  the  pear.  This  ocean,  which  was  the 
ancestor  of  the  existing  Pacific,  formed  a  girdle  round  the  globe,  with  a  smaller 
continental  mass  in  the  middle  on  one  side  and  a  muoh  latter  continent  (the 
present  *  land  hemisphere ')  on  the  other,  forming  respectively  the  stalked  and 
broad  ends  of  the  pear.  The  land  hemisphere  then  collapsed  along  an  annului, 
now  represented  by  a  part  of  the  Atlantic,  Mediterranean,  and  Indian  Oceans,  and 
leaving  a  bulging  ring  of  land  represented  by  North  and  South  America,  the 
Antarctic  Continent,  Australia,  and  Asia. 

The  centre  of  the  mass  of  land  at  the  broad  end  ot  the  pear  lies  in  the  middle 
of  Africa,  which  thus  represents  the  remains  of  the  primeval  continent.  This 
view  is  in  harmony  with  the  known  absence  of  marine  sediments  over  the  greater 
part  of  the  interior  of  Africa,  notwithstanding  the  thick  accumulations  of  flat* 
bedded  strata  existing  there. 

The  smaller  continent  at  the  stalked  end  of  the  pear  may  have  been  represented 
by  a  tract  of  Und  formerly  occupying  part  of  the  Pacific  Ocean,  for  which  some 
evidence  exists. 


4.  Report  on  the  Fauna  and  Mora  of  the  Trias  of  the  British  Idea, 
See  Reports,  p.  161. 


5.  Report  07i  tJie  Erratic  Blocia  of  the  British  Isles, 


6.  Report  on  the  Und^rgro^ind  Waters  of  North-west  Yorkshire, 
See  Reports,  p.  170. 


7    Report  on  Life-Zones  in  the  British  Carboniferous  Rocks, 
See  Reports,  p.  171. 


»  See  *  The  Age  of  the  Earth/  by  W.  J.  Sollas  (London :  T.  Fisher  Unwin,  1905), 
pp.  44-64  ;  and  *  The  Figure  of  the  Earth/  Q.J.  O.S„  1903,  vol.  lix.,  p.  1 80.  ^ 

,       ogle 
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THURSDAY,  A  UOU8T  11. 
Joint  Meeting  with  Section  E. 
The  following  Papers  were  read : — 
1.  The  Physical  Geogra/phy  of  Cape  Colony.    By  H.  C.  Schunke-Hollway, 

To  deeeribe^the  physical  geography  of  the  Cape  Colony  in  its  illation  to 
economic  facte  would  be  too  great  an  undertaking.  The  writer  therefore  included 
only  a  few  notes  on  the  economic  conditions. 

The  South  African  tableland  occupies  the  greater  part  of  the  Cape  Colony. 
We  may  divide  the  Colony  into  two  parts — the  Orange  River  Region  and  ■ 
the  Coast  belt.  The  Coast  belt,  again,  may  be  conveniently  divided  into  {a)  the 
Eastern  Region ;  (b)  the  South-western  R^ion,  which  very  nearly  coincides  with 
the  folded  belt ;  (c)  the  Lower  Karroo :  (d)  the  North-west  Coast  Region.  The 
watershed  dinding  the  Coast  belt  from  the  Orange  River  basin  is,  for  nearly 
three  fourths  of  its  length,  over  4,000  feet  above  sea-level.  The  principal  feature 
of  the  watershed  is  the  main  range  of  the  Drakensbergen.  The  Eastern  Region 
rises  in  two  terraces  of  1,500  to  2,000  feet  and  4,000  to  4,500  feet  altitude.  The 
rate  of  denudation  in  this  part  has  been  comparatively  slow  on  account  of  the 
presence  of  intrusive  rocks.  The  South-western  Region  is  totally  different  in  its 
physical  structure  from  the  Eastern  Region.  It  is  a  mountainous  district,  with 
ranges  running  more  or  less  parallel  to  the  coast.  The  rivers  flow  in  longitudinal 
valleys  between  the  ranges,  and  find  their  way  seaward  by  deeply  cut  transverse 
gorges.  The  rivers  of  tlie  Eastern  and  South r western  Regions  are  all  perennial 
streams.  The  best  agricultural  land  is  found  in  these  regions.  The  remaining 
parts  of  the  colony,  with  the  exception  of  a  fringe  of  land  on  their  eastern  side, 
oelong  to  the  desert  region  of  South  Africa,  but  ofier  much  suitable  land  for 
pastoral  purposes.  The  South-western  and  Eastern  Regions  have  the  greatest 
rainfall :  the  former  gets  its  rains  in  winter,  the  latter  in  summer.  Both  thefie 
regions  are  also  the  most  densely  populated  parts  of  the  colony,  and  show  the 
greatest  percentage  of  cultivated  land.  It  is,  however,  evident  that  the  dominant 
occupation  in  the  Cape  Colony  is  stock-farming.  In  the  South-western  and 
Eastern  Regions  combmed  there  are  thirty  districts  which  do  not  produce  enough 
cereals  for  their  own  wants,  although  these  regions  are  the  chief  agricultural  areas 
of  the  colony.  The  richest  districts  are  Paarl,  Stellenbosch,  Murraysburg,  Victoria 
West,  Barkly  East.  Taking  into  account  the  return  from  all  sources,  the  Kim* 
berley  district  is  the  richest  of  the  Cape  Colony. 


2.  Glacial  Periods  in  South  Africa.    By  A.  W.  Rogers,  M.A. 


S.  Changes  of  Climate  as  shotvn  by  Movements  of   the  Snow-line  and 
Upper  Tree-limit  since  Tertiary  Times,^     By  Professor  A.  Pekck. 


4.  The  SctUptiire  of  Mountains  by  Glaciers.^ 
By  Professor  W.  M.  Davis. 

One  method  of  determining  whether  glaciated  mountains  have  been  signi-i 
ficantly  eroded  by  the  glaciers  that  once  occupied  them  is  as  follows.  Two 
alternative  suppositions  may  be  made  :  (1)  glaciers  can  erode,  (2)  glaciers  cannot 
erode.    If  the  latter  supposition  be  correct,  then  mountains  shown  ^  l^v^  heQU 


r  To  be  published  in  fall  in  the  Gfographicul  Journals, 

-  o.  -  zed  by 


Google 


894  REPORT— 1905. 

glaciated  by  the  presence  of  striations  ought  not  to  present  othto  features 
signitieantly  unlike  non-glaciated  mountains ;  if  the  former  supposition  is  correct, 
then  glaciated  mountains  should  present  features  significantly  unlike  those  of  non- 
glaciated  mountains,  and  these  features  should  be  in  form  and  distribution 
appropriate  to  glacial  action.  An  appeal  to  the  fiicts  leaves  no  doubt  in  the  minds 
of  many  observers  that  significant  din&rences  between  the  two  classes  of  mountains 
certainly  exist,  and  that  they  are  of  a  kind  that  glaciers  would  produce  if  they 
could.  Over-deepened  main  valleys  with  over-steepened  walls,  hsnging  lateral 
valleys,  valley-head  cirques,  and  exceptionally  sharp  ridges  and  peaks  characterise 
strongly  glaciated  mountains,  and  are  absent  from  non-glaciated  mcMintains.  These 
peculiar  features,  systematically  associated,  cannot  be  explained  by  normal  non-« 
glacial  erosive  agencies ;  nor  can  it  be  supposed  that  any  special  or  exceptional 
agency  can  have  produced  them,  for  this  supposition  would  require  that  the  special 
.agency  selected  in  pre-glacial  times  all  those  mountains  that  were  afterwards  to  be 
glaciated,  and  in  a  most  systematic  and  prophetic  manner  worked  upon  them  just 
AS  glaciers  would  work  it  they  could,  and  then  withdrew  into  obscure  inactivity, 
where  they  remain  undiscovered  to  this  day.  Such  a  supposition  is  absurd  The 
.evidence  now  in  hand  from  the  Alps,  Norway,  Alaska,  the  Rock^  Mountaina,  the 
Tian  Shan,  New  Zealand,  and  elsewhere  is  so  abundant  and  consistent  that  it  has 
in  recent  years  led  many  observers  to  accept  the  belief  that  glaciers  can  erode,  and 
that  they  have  been  eifective  agencies  in  the  sculpture  of  certain  mountain  ranges, 
sven  though  the  processes  of  glacial  erosion  are  not  yet  fully  understood. 


FRIDAY,  AUGUST  18. 

The  following  Papers  and  Report  were  read : — 

I.  On  a  Subterranean  Tide  in  the  Karroo, 
By  Professor  Andrew  Youkg,  M,A.^  B.Se, 

This  paper  was  of  the  nature  of  a  first  notice  regarding  an  investigation  which 
is  in  progress  as  to  the  nature  of  certain  periodical  variations  in  the  rate  of  discharge 
of  an  artesian  well  in  the  Karroo,  on  a  farm  called  *  Tarka  Bridge.'  The  site  of 
the  well  is  over  2,700  feet  above  sea-level,  and  fully  100  miles  from  the  coast. 

The  bore-hole  is  only  65  feet  deep,  but  there  is  a  large  and  regularly  fluctuating 
artesian  supply  of  water  at  a  constant  temperature  of  about  80°  F.  accompanied 
by  a  great  quantity  of  inflammable  gas. 

A  self-recordinff  apparatus  placed  in  a  tank  over  the  bore-hole  has  given 
continuous  records  for  some  few  weeks.  The  record  is  a  curve  showing  a  series 
of  waves  of  remarkable  regularity,  the  average  wave-length  being  within  a  few 
minutes  of  12^  hours.  A  comparison  of  wave  amplitudes  shows  a  marked 
variation  of  the  height  of  the  waves,  corresponding  in  time  to  t^e  phases  of  the 
moon  and  analogous  to  the  phenomena  of  marine  spring  and  neap  tides. 

It  was  suggested  that  the  water  rises  through  a  liHSure-system  from  a  depth  of 
several  thousand  feet  mainly  under  the  influence  of  the  pressure  of  natural  gas^ 
and  that  the  tidal  fluctuation  is  a  minor  lunar  etteot  superimposed  on  the  efiect  ot 
fairly  constant  gas  pressure. 

A  comparison  of  this  tidal  record  with  the  barograph  records  obtained  simul- 
taneously, shows  that  variations  of  barometric  pressure  j>lay  a  very  insignificant 
part  in  the  production  of  the  variations  of  water-pressure  in  the  bore-hole.     ^ 


2.  The  Stormberg  Foliation  in  the  Cape   Colony, 
By  Alkx.  L.  du  Toit,  B.A. 

The  Stormberg  Formation  is  the  uppermost  division  of  the  Karroo  System  in 
South  Africa,  and  builds  up  the  whole  of  Basutoland  and  the  adjoining  portions  of 
the  Cape  Colony,  the  Orange  River  Colony,  and  f^tXaA,    In  the  Cape  Colony  the 
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tract  ooeapied  by  this  formation  is  confined  to  the  immediate  neighboarhood  of 
the  Drakensberg  R^Dge,  widening  out  considerably  in  the  south-west  over  what  is 
known  as  the  Stormberg  area. 

The  Stormberg  series  is  subdivided  as  follows,  in  downward  succession : — 

(4)  VolcanicJBeds, 
(8)  Cave  Sandstone, 
(2)  RedBeds, 
(l)  Molteno  Beds. 

The  strata  lie  nearly  horizontally,  or  are  only  inclined  at  low  angles,  consequently 
the  lower  divisions  crop  out  along  the  foot  of  the  mountain  ranges,  while  tbe  upper 
beds  form  all  the  higher  ground.  The  Molteno  Beds  consist  of  a  thickness  of  m>m 
1,000-2,000  ft.  of  sandstones,  with  thin,  dark  shales  and  mudstones  and  occasional 
coal-seams.  Arenaceous  material  is  predominant,  and  the  sandstones  vary  from 
fine-grained  grey  felspathic  varieties  to  coarsely-crystalline  '  glittering '  sandstones, 
with  small  pebbles  of  vein-quartz.  Boulders  of  hard  white  or  brownish  quartzite, 
derived  evidently  from  the  Cape  Formation,  are  common,  usually  scattered  irregu- 
larly throughout  the  sandstone  beds,  but  occasionally  forming  conglamerate  bands. 
The  coals  are  thin,  and  contain  from  15  to  30  per  cent',  of  ^fa,  but  are  tbe  only 
workable  deposits  in  the  Gape  Colony.  Fossils  are  almost  entirely  those  of  plants, 
tf.p.,  Thinnfeldia,  Taem'opteris,  CalUpteriditim^  &c.,  from  which  the  Rhaetic  age  of 
the  beds  has  been  deduced. 

The  Red  Beds  are  more  argillaceous  in  character,  and  consist  of  from  600- 
1,000  ft  of  strata,  in  which  red  and  purple  shales,  mudstones,  and  sandstones  are 
predominant,  though  thick  beds  of  fine-grained,  white  sandstone  are  also  common. 
JPossil  remains  are  chiefly  those  of  carnivorous  dinosaurs,  such  as  Etakelestmrtu  and 
MasiOBpondylui, 

The  Cave  Sandstone  is  a  thick  bed  of  fine-drained  felspathk:  Sandstone,  usuallv 
white  or  yellowish  in  colour,  and  of  very  striking  appearance.  As  a  rule,  it  is 
imbedded  throughout,  except  towards  its  summit,  or  less  commonly  towards  its 
base.  In  some  places  it  attains  a  thickness  of  800  ft.,  but  as  a  rule  it  varies  from 
150  to  360  it.  In  a  few  places  the  Cave  Sandstone  is  entirely  absent,  and  the 
volcanic  beds  rest  directly  upon  the  red  beds.  The  Cave  Sandstone  weathers 
into  most  fantastic  outlines,  and  gives  rise  t6  very  peculiar  scenery  along  the 
Drakensber]^. 

The  sediments  of  the  E^arroo  System  were  deposited  in  a  great  inland  sea, '  the 
Karroo  Lake,*  in  which  the  water  was  either  fresh  or  slightly  brackish,  and  not 
very  deep.  During  the  formation  of  the  Stormberg  rocks  the  shore-line  stretched 
where  the  coast  ranges  of  the  south  of  the  Colony  now  rise,  and  extended  east- 
wards into  the  Indian  Ck^ean,  and  then  north-eastwards  parallel  t'O  the  coast-line 
of  Natal.  This  old  land  surface  was  formed  of  rocks  belonging  to  the  Cape  and 
Pre-Cape  Systems,  quaitzites,  granites,  and  metamorphic  rocks. 

During  Cave  Sandstone  times  volcanoes  came  into  existence,  and  great  erup- 
tions of  basic  lavas  took  place.  Over  100  volcanic  necks  have  been  mapped  by  the 
Geological  Survey,  some  of  which  are  over  a  mile  in  diameter.  Many  of  the  pipes 
are  filled  with  siliceous  breccias,  or  with  tine-grained  sandstone-like  tuffs.  The 
erupted  material  consists  almost  entirely  of  basic  lavas,  compact  to  vesicular,  the 
most  interesting  variety  of  the  latter  being  the  '  pine-amygdaloid ' ;  enstatite- 
andesites  occur  in  a  few  places.  Beds  of  volcanic  ash  are  met  with  in  Barkly 
East  and  around  Jamestown.  In  the  former  district  there  are  frequent  alternations 
of  lava,  ash,  and  sandstone,  the  even  bedding  and  passage  of  sandstone  into  ash, 
either  laterally  or  vertically,  pointing  conclusively  to  sub-aqueous  eruptions.  The 
later  flows  were  probably  sufa^aerial. 

At  the  close  of  the  volcanic  outbursts,  after  from  2,000-5,000  ft.  of  lavas  had 
been  erupted,  the  area  was  affected  by  gentle  folds  by  which  the  direction  of  flow 
of  the  Kraai  and  Orange  Rivers  was  determined.  Then  followed  the  gigantic  and 
extensive  intrusions  of  dolerite,  which  at  the  present  day  form  such  a  conspicuous 
feature  in  the  scenery  of  the  Karroo. 

The  interior  of  the  colony  was  intermittently  elevated,  and  the  old  land  sor&ce 


896 


REPORT — 1905. 


in  the  south  difiappeared  beneath  the  waters  of  the  Indian  Ocean.  A  series  of 
penepUinSy  or  plains  of  river-erosion,  mark  the  periods  of  rest  and  elevation  of  the 
country,  the  highest  of  which  is  now  found  at  an  altitude  of  a  little  over  8,000  ft. 
above  searlevel.  The  plateau  of  the  Drakensberg  has  been  deeply  cut  into  on  the 
west  and  south-west,  but  on  the  south-east  it  presents  an  almost  unbroken  face, 
over  300  miles  in  length,  rising  from  2,000  to  as  much  as  6,000  ft.  above  the  ground 
at  its  base. 

The  following  correlation  with  extra- African  formations  is  suggested :-  - 
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3.  Recent  Advances  in  Seismology,    By  John  Milne,  F,R.S» 


4.  On  the  Geology  of  South  Victoria  Land, 
By  H.  T.  Fkbrar,  M,A. 

I.  The  knowledge  we  had  of  South  Victoria  Ijand  previous  to  the  departure  of 
the  '  Discovery '  was  mainly  acquired  by  the  expedition  under  Sir  James  Clarke 
Ross  in  his  ships,  H.M.S.  | Erebus '  and  H.M.S.  'Terror,'  in  the  years  1839-1843. 
His  discoveries  may  be  briefly  summed  up  thus : — 

(a)  A  great  range  of  mountains,  which  rise  occasionally  to  heights  of  15,000 
feet,  and  extend  in  a  north  and  south  direction  for  at  least  600  miles. 
\b)  The  presence  of  volcanic  and  plutonic  rocks  in  this  area, 

(c)  An  open  shallow  sea  south  of  the  antarctic  circle. 

(d)  An  active  volcano.  Mount  Erebus,  over  12,000  feet  high,  *  emitting  flame 
and  smoke  in  great  profusion.' 

(e)  A  wall  of  ice,  the  Great  Ice  Barrier,  on  an  average  160  feet  high,  and  about 
470  miles  long. 

In  1809  the  'Southern  Cross'  Expedition  brought  home  from  Cape  Adare 
specimens  of  granites,  basalts,  and  quartz  slates,  but  unfortunately  the  latter  proved 
to  be  unfofsiliferous. 

I I.  This  section  deals  with  the  volcanic  islands  off  the  coast,  commencing  with  the 
Balleny  Group,  in  latitude  66°  S.,  and  passes  on  to  the  rocks  of  the  mainland  in  lati- 
tude 77°  S.  The  rocks  from  the  islands  are  chiefly  basalts  and  tuffs,  Uiough  intrusions 
of  trachyte  are  fairly  common.  Edward  VII.  lAndand  the  volcanoes  on  the  main- 
land are  included  in  this  section,  as  the  latter,  at  any  rate,  belong  to  the  recent 
volcanic  eruptions  of  the  area.  AH  the  volcanoes  are  undenuded  cones,  and  are 
usually  situated  in  isolated  positions,  and  contrast  strongly  in  outline  with  the 
rugged  sceDery  of  the  main  mountain  range. 

III.  The  Cotitifiental  Range, — The  great  range  of  mountains  discovered  by 
Sir  James  Ross  has  been  proved  to  be  at  least  800  miles  long,  and  to  have  some 
remarkable  features  common  to  the  whole  length.  This  great  mountain  range  is 
divided  into  smaller  ranges,  to  which  distinguishing  names  have  been  given ;  but 
pnly  one,  the  Royal  Society  Range,  has  been  examined  in  detail  by  the  expedition. 
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The  rocks  that  compose  the  range  are  conyenientlj  separated  iot-o  four  distinct 
grouns-— namely,  gneisses,  granites,  sandstones,  and  dolerites.  The  sandstone,  to 
which  it  is  proposM  to  give  the  name  Beacon  Sandstone  Formation,  provides  a  con- 
venient stratigraphical  datum  line,  with  reference  to  which  the  oth^r  phenomena 
may  be  considered. 

(i.)  TheffneisHc  rocks  occur  at  eea^level  and  below  a  sequence  of  rocks  which 
is  at  least  12,000  feet  thick,  and  may  be  safely  regarded  as  forming  the  ancient 
platform  on  which  the  central  part  of  South  Victona  Land  is  built.  The  foot-hills 
of  the  Royal  Society  Range  and  the  lower  portions  of  the  Cathedral  Rocks  are 
composed  of  this  class  of  rock. 

(ii.)  The  granites  have  been  encountered  at  the  north  end  of  the  Royal  Society 
Range,  where  they  rest  upon  gneisses,  and  djkes  of  granite  pierce  the  gneissic 
series.  At  Granite  Harbour  this  type  of  rock  is  found  as  a  hu^e  boss,  and  is 
probably  covered  by  a  sheet  of  dolerite.  Where  the  Ferrar  Qlacier  bifurcates,  a 
junction  of  dolerite  and  granite  proves  that  there  are  two  distinct  developments  of 
granite,  one  older  and  one  younger  than  a  certain  sheet  of  dolerite. 

(iiL)  The  Beacon  Sandstone  Formation  is  met  with  at  a  height  of  4,000  feet  above 
sea^ovel,  and  about  40  miles  from  the  sea.  It  appears  to  be  nearly  3,000  feet  thick, 
and  near  the  top  indeterminable  fossil  plants  were  found.  The  bidding  is  practi- 
cally horizontal,  and  the  rock  is  remarkably  uniform  in  texture.  The  surface  upon 
which  it  rests  has  not  yet  been  discovered. 

(iv.)  The  dolerite  sheets  produce  the  plateau-features  characteristic  of  that  rock, 
and  cap  the  sandstone  over  a  yery  large  area.  Djkes,  sills,  and  pipes  of  the  dolerito 
occur  in  the  sandstone,  aud  prove  the  former  to  be  intrusive.  The  original  dolerite 
plateaux  have  been  dL^ctea  by  water  action,  apparently  prior  to  the  faulting 
which  has  dislocated  the  Beacon  Sandstone. 

IV.  The  Ice. — Sea  ice,  produced  by  the  freezing  of  the  sea  during  the  winter,  is 
on  an  average  8^  feet  thick,  but  during  the  summer  the  sea- water  melts  the  lower 
surface  of  the  ice.  Shore-ice,  a  fringe  of  glacier  ice  attached  to  the  land,  shows 
the  conservative  action  of  ice  in  this  latitude.  Inland  ice,  local  ice-caps,  piedmonts, 
aud  other  t^pes  of  glaciers  nuiy  be  recognised  in  South  Victoria  Land.  The  term 
* Jloatinff-ptedmont^  has  been  suggested  as  descriptive  of  the  Great  Ice  Barrier,  or 
Ice  Sheet,  of  Ross,  and  there  are  at  least  three  examples  in  our  area. 

The  morbines  high  on  the  slopes  of  Mount  Erebus,  and  other  moraines  stranded 
at  various  spots,  are  considered  in  their  relation  to  the  past  and  present  distribu- 
tion of  the  ice,  and  tlie  conclusion  arrived  at  is  that  the  glaciation  is  approaching, 
a  minimuQL 

5.  Bavictan's  Kloof:  a  Contribution  to  tlie  Tlieory  of  Mountain  Foldn, 
By  Ernest  H.  L.  Schwarz,  AM.C.S. 

Baviaan's  Kloof  is  a  narrow  valley  lying  between  mountains  formed  during  the 
Triassic  period.    The  subsequent  geologicid  history  may  be  summarised  thus  :— 

(a)  First  base  level.  Deposition  of  the  Enon  Conglomerate,  derived  from  the 
disintegration  of  the  newly  formed  mountains,  on  a  plain  or  flat  double-bevel 
eroded  between  the  two  mountain  chains. 

{h)  Period  of  cross-folding.  The  area  was  traversed  by  two  sets  of  folds  in 
directions  W.N.W.-E.S.E.  and  S.W.-N.E.,  which  let  down  portions  of  the  sur^ 
face  in  deep  pits,  bounded  by  circular  faults  and  sharp  folds. 

(c)  Second  base  level.  The  Enon  Conglomerate  was  removed,  except  that  in 
the  fold' basins,  and  the  surface  of  the  valley  again  reduced  to  a  double  bevel  of 
erosion. 

{d)  Rising  of  the  land.  Deep  erosion  of  the  river  channels;  immense  gor||fe8 
cut  in  the  floor  of  the  plain  and  most  of  the  loose  Enon  Conglomerate  remaining 
in  the  fold-basins  removed. 

Cross-folding  b  the  uiterpretation  of  the  two  sets  of  mountain  folds,  and  the 
sinking  of  areas  in  the  meshes  between  them  is  contrary  to  what  would  happen  if 
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the  folds  were  produced  by  direct  tangential  thrust.  The  direct  thrust  theory  also 
has  to  explain  how  a  force  could  act  at  a  distance  when  the  material  through 
which  it  IS  transmitted  is  so  heavy  in  proportion  to  its  strength,  and  there  is 
therefore  immense  friction  to  oyeroome. 

The  resemblance  of  these  Baviaan's  Kloof  fold-basins  to  pits  found  between 
two  sets  of  crossing  ripple  marks  has  suggested  that  certain  mountain  folds  are 
produced  by  earth-shaking  waves  which  become  retarded  when  approaching  an 
immovable  buffer,  such  as  a  mass  of  granite  anchored  to  the  deep  suo-structure  of 
the  earth*8  crust  This  theory  is  further  illustrated  experimentally  by  what 
happens  in  a  lead  sink  where  hot  and  cold  water  are  let  in  alternately  at  one  end 
from  a  tap ;  the  disturbances  produced  by  this  gradually  cause  ridges  to  form  at 
the  further  end  of  the  sink,  though  the  lead  is  too  pliant  to  allow  a  direct  thrust 
thus  to  act  at  a  distance.' 

*  Schaorung '  and  '  fold  arc '  structure  may  also  be  expUuned  on  the  wave  theoiy, 
whereas  *  block  up-lifb '  structure  is  rather  a  problem  in  isostasy. 


6.  Report  an  the  FosMiferotis  Depoisits  at  Kirmingtotij  Lincolnshire. 
See  Reports,  p.  160. 


JOHANNESBURG. 
TUESDAY,  AUGUST  29. 


After  the  President  had  delivered  his  Address  (see  p.  875)  the  following 
Papers  were  read : — 

1.  The  Rhodeaian  Banket.    By  Professor  J.  W.  Gregory,  F,E.S. 

The  first  extensive  contribution  to  the  geology  of  Rhodesia  is  in  Sawyer's 
'  Goldfields  of  Mashonaland/  wherein  he  called  attention  to  the  existence  of  some 
very  ancient  conglomerates.  These  beds  have  recently  been  the  subject  of  lively 
controversv,  as  tney  have  been  proved  to  be  locally  aurift* rous,  and  as  they  have 
been  called  '  banket.'  Protest  was  promptly  made  against  their  identification  as 
banket  on  the  grounds,  (1)  that  bauKet  is  a  locsl  term  which  should  be  restricted 
to  the  Rand  or  at  least  to  tbe  Transvaal ;  (2)  that  the  beds  are  not  true  sedimen'- 
tary  conglomerates,  but  are  either  crush-conglomerates  (as  advocated  by  Griffiths) 
or  eruptive  breccias  (as  maintained  by  von  Dessauer).  Tbe  author  has  recently 
examined  the  beds  in  the  field,  and  found  that  several  distinct  things  have  been  in- 
cluded in  Rhodesia  as  banket ;  among  these  are  some  crush-conglomerates  and  crush- 
breccias,  and  a  diorite  dyke  with  amphibolite  segregations ;  but  the  main  mass  of 
tbe  material  is  a  sedimentary  conglomerate.  The  sedimentary  origin  of  this  latter 
material  is  proved  by  five  lines  of  evidence :  (1)  the  conglomerates  alternate 
with  fine  quartzites  which  are  uncrushed,  and  sometimes  show  well-preserved 
current-bedding ;  (2)  the  shape  of  the  pebbles  is  that  characteristic  of  typical 
sedimentary  conglomerates,  and  not  of  crush-conglomerates  or  igneous  breccias ; 
the  pebbles  are  not  nipped  or  fractured,  except  where  the  conglomerate  has  been 
crushed,  and  such  cases  are  met  with  in  the  Rand  banket ;  (3)  the  pebbles  include 
a  very  mixed  assortment  of  rocks :  granites,  diorites,  granulites,  quartzites,  vein 
quartz,  cherts,  jasperoid,  schists,  &c. ;  these  rocks  often  resemble  those  found 
near  the  banket,  but  they  do  not  necessarily  consist  of  the  immediately  adjacent 
country  rock;  (4)  pebbles  of  difiereut  rocks  have  difierent  shapes  and  sizes, 
su^esting  that  they  have  travelled  from  difierent  distances  ,*  thus  at  the  Hunyani 
drift  the  quartzites  commonly  occur  in  fiat  slabs,  tbe  diorites  in  large  irregular 
boulders,  the  granites  or  grano-diorites  in  round  spherical  balls;  (6)  Uieir  distri- 
bution is,  as  maintained  oy  Mennell,  inconsistent  with  their  formation  as  crush- 

*  See  Mellard  Beade,  EcoUUum  qf  Mrth'Structure. 
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OoDglomeratee,  and  there  is  no  field-eyidenoe  in  faTOur  of  their  origin  as  eruptiye 
breccias. 

The  conglomerates,  however,  are  not  all  sedimentary  in  origin ;  some  of  those- 
included  as  oanket  are  crushed  quartz-lode,  sud  to  this  category  belongs  the  rock 
which  most  resembles  the  Rand  banket  in  general  aspect. 

The  conglomerates  were  examined  by  the  author  at  various  localities  on  both* 
flanks  of  the  old  rocks  that  form  the  foundation  of  the  present  high  veldt  of 
Rhiidesia. 

The  Rhodesian  ^  banket '  diflTera  from  that  of  the  Rand  in  several  important 
characters.  The  Rhodesian  '  banket '  is  fluyiatile  instead  of  littoml  in  origin ;  the^ 
size  of  the  pebbles  is^often  much  larger  and  less  regular ;  the  pebbles  vary  more  m 
composition,  and  the  matrix  is  often  a  true  schist.  Moreover  the  author  saw  no 
adequate  reason  for  correlating  this  conglomerate  with  the  Rand  banket,  and  regards 
it  as  older  in  age. 

These  differences  would  render  it  easy  to  draw  up  a  definition  of  *  banket '  that 
would  exclude  the  Rhodesian  conglomerates;  but  the  author  thought  that  in 
practice  the  term  had  been  used — ashy  Molenffraail*,  Hatch,  and  Qrilfiths — for  sedi- 
uientary  auriferous  conglomerates,  and  he  therefore  considered  that  Dr.  Sauer 
¥raa  justified  in  applying  the  term  '  banket '  to  the  auriferous  sedimentary  con- 
glomerates of  Rhodesia. 


2.  The  Indicators  of  the  Ballarcbt  Gold  Fields  :  a  Stvdy  in  the  Formation 
of  Gold  Pockets,     By  Professor  J.  W.  Gregory,  F.R.S. 

Complaint  is  often  made  against  the  Rhodesian  gold  fields  on  account  of  the 
patchiness  of  their  gold.  The  Ballarat  gold  field  is  probably  the  patchiest  of  the 
leading  gold  fields  of  the  world,  and  its  history  shows  that  such  gold  fields  may  be 
worked  with  economy  and  success  after  the  discovery  of  the  clue  to  the  distribu- 
tion of  their  gold  pockets.  The  B>illarat  gold  field  is  iu  Victoria,  about  ninety 
miles  west  of  Melbourne.  It  includes  three  lines  of  reefs,  placed  en  Echelon,  a  mile 
or  two  apart.  The  mines  of  Ballarat  West  are  on  big  continuous  quartz  reefs  in 
which  the  ore  occurs  in  shoots.  They  presorted  no  special  difficulty ;  but  the 
central  and  the  eastern  lines,  viz.,  Ballarat  East  and  Little  Bendigo,  presented  no 
such  main  reefs.  The  slates  and  sandstones  of  these  fields  are  seamed  with  a  com- 
plex of  auartz  veins.  The  famous  nuggets  of  Ballarat  were  found  on  the  surface 
along  a  line  running  north  and  south  Uurough  the  Ballarat  East  field  ;  but  until 
the  miners  had  a  due  to  the  distribution  of  Uie  gold  pockets  in  the  reefs  efibrts  to- 
work  the  mines  below  the  alluvial  deposits  were  not  rewarded  with  much  success. 

It  was  at  length  notiioed  by  Llewellyn!  that  a  gold  pocket  appeared  to  have^ 
been  deposited  at  the  point  where  a  thin  iron-etained  line  in  the  slates  met  a  vein 
of  quartz ;  he  followed  along  this  line,  and  found  that  where  it  intersected  a  quartz 
vein  there  was  generally  a  rich  pocket  of  ore.  The  quartz  veins  were  barren,, 
excepting  where  (hey  met  one  of  these  iron-stained  bands.  Opposite  them,  for 
from  six  to  eighteen  inches,  the  quartz  would  be  very  rich.  Elsewhere  the  auartz 
was  barren.  Llewellyn  called  these  bands  indicators,  and  they  have  bn^n  followed 
throughout  the  greater  part  of  the  Ballarat  East  gold  field,  the  success  of  which 
has  b^n  largely  due  to  their  guidance. 

These  indicators  were  at  first  described  as  oxidised  pyritlc  seams,  and  they 
have  generally  been  regarded  as  sedimentary  seams  intenntratified  in  the  slates 
^nd  quarlzites  of  the  country.  This  view  has  been  widely  expressed  in  mining 
literature.  Bradford,  on  the  contrary,  maintained  that  they  were  not  bands  due 
to  deposition,  as  he  found  that  they  crossed  the  bedding  planes.  The  author  ha» 
recently  prepared  a  detailed  account  of  the  geology  of  the  Ballarat  gold  field, 
including  an  account  of  the  microscopic  structure  of  the  indicators.  He  finds 
that  most  of  the  indicators  are  seams  of  chlorite,  and  one  of  them  is  a  narrow 
band  of  crowded  rutile  needles.  Microscopic  photoffraphs,  prepared  by  Mr.  H.  J. 
Grayson,  were  exhibited  which  cnnclupively  proved  the  secondary  origin  of  the 
indicators  as  they  cross  the  bedding  planes.    They  are  in  places  compostd  of  a> 
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series  of  long,  thin  lenticles  of  chlorite  arranged  in  linea  traversing  the  slaieft. 
As  the  bands  of  slate  are  thin  it  is  natural  that  the  indicators  should,  as  a  rale, 
run  parallel  to  the  bedding ;  but  in  many  cases,  when  examined  in  the  mine  or  in 
sections  under  the  microscope,  the  indicators  are  seen  to  cross  the  slates  obliqaely 
to  the  bedding. 

3.  On  His  Bdation  between  Ore  Veins  and  Pegmatiiee. 
By  Professor  R.  Bkck. 


The  author  gave  a  summary  of  the  latest  investi^tions  on  the  origin  of  pegma- 
8,  by  W.  Vj,  Brcigger,  H.  Rosenbusch,  S.  Arrhenius,  J.  H,  L.  Vogt,  U.  Gruben- 


Tbet 
tites, 

mann,  and  others.  In  conformity  with  these  authors,  be  explained  pegmatites  as 
products  of  crystallisation  from  the  superheated  water,  whicii  remained,  after  the 
consolidHtion  of  a  plu tonic  magma,  as  a  concentrated  solution  containing  many 
of  the  rarer  chemical  elements  and  compounds  formerly  distributed  through  the 
whole  fluid  mass.  Deing  retained  in  the  depths  of  a  plutonic  focus  under  high 
pressure,  these  remains  of  magmatic  water  would  pass  through  a  very  gradual 
process  of  cooling;  whereas  the  so-called  'juvenileHliermal  waters  (t/{^i>em/^  QueUeh) 
of  similar  origin  found  their  way  to  the  upper  parts  of  the  earth's  crust,  and 
caused  there  the  formation  of  minerals  at  lower  temperatures  and  pressures. 

Most  ore  veins  belong  to  the  second  class,  but  a  considerable  number  of  occur- 
rences may  be  styled  metalliferous  pegmatites. 

The  best  known  examples  of  these  are  found  in  the  group  of  tin  ores,  and  as 
such  were  discussed  the  ore  veins  of  Zinnwald,  Graupen,  £mbabaan,  and  others. 

As  examples  of  copper  ores  were  cited  those  of  Telemarken  in  Norway;  and 
finaPy  some  gold-bearing  quartz  reefs  were  described  which  are  very  nearly  related 
to  pegmatites,  and  that  not  merely  by  their  characteristic  mineralogical  composition 
(Berexowsk,  Southern  Appalachians,  Yukon  District,  Possagem  and  other  instances 
in  Brazil).  It  may  be  mentioned  in  proof  of  thib  that  certain  gold  quartzes 
contain  tourmaline,  the  characteristic  mmeral  of  all  pegmatites. 


4.  Magmatic  Segregation  of  Sulphide  Ores,     By  Dr.  A.  P.  Colkman. 

The  formation  of  ore  bodies  by  magmatic  segregation  in  eruptive  rocks  has 
long  been  admitted  as  regards  magnetite  and  titaniferous  iron  ores,  but  the  forma- 
tion of  sulphide  ore  bodies  in  this  way  has  been  disputed  by  many  geologists.  The 
nyrrhotite  ores  of  nickel  in  Norway  were  first  recognised  by  Professor  Vogt  as 
having  t  bis  origin ;  and  his  theory  has  been  applied  to  the  Sudbury  nickel  ores 
by  various  geologists,  and  opposed  by  others.  The  recent  complete  mapping  of  the 
eruptive  sheet,  with  which  the  Sudbury  ore  bodies  are  all  connected,  proves  that 
they  ai-e  really  8egp*egated  from  the  eruptive  rock  and  form  an  integral  part  of  it, 
with  every  gradation  between  ore  and  rock.  It  is  believed  that  gravitation 
played  a  large  part  in  the  segregation,  since  the  ore  bodies  are  regularly  found  at 
the  lowest  points  in  the  lower  edge  of  the  norite-micropegroatite  sheet  with  which 
they  are  connected. 

5.  On  tiie  Marginal  Plienomena  of  Granite  Domes, 
By  Professor  Grenyille  A.  J,  Cole. 

In  examining  the  gneisses  of  the  counties  of  Donegal  and  Tyrone,  which  have 
been  in  part  regarded  as  sheared  Archaean  masses,  the  author  was  led  to  conclude 
that  the  main  structures  are  due  to  igneous  flow,  and  that  the  most  marked 
gneissic  structure  occurs  where  previously  foliated  sedimentary  and  igneous 
material  has  been  incorporated  with  an  invaaing  granite.  The  patches  of  foliated 
gneiss  in  the  granites  of  Donegal  are  thus  remnants  of  considerable  masses  of 
older  rock  that  haye  been  absorbed  ;  and  the  phenomenon  of  banded  gneiss  arises 
characteristically  as  a  marginal  feature  of  granite  domes.  Foliation  is  found  in 
surrounding  masses  parallel  to  that  in  the  granite,  and  at  the  same  tune  parallel 
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to  the  surface  of  junction,  for  the  simple  reason  that  the  granite  has  picked  off, 
leaf  bjr  leaf,  the  lasers  of  foliated  rock  against  which  it  rose.  The  author  thus 
ranges  himself  with  those  who  ascribe  the  most  profound  metamorphism  to 
igneous  rather  than  to  dynamic  action,  and  ventures  to  suggest  that  similar 
conclusions  may  be  drawn  from  the  rocks  of  the  Malmesbury  series  in  Cape 
Oolonj,  where  a  commingling  of  rocks  appears  to  have  taken  place  during  a  period 
of  subterranean  flow.  It  is  noteworthy  tnat  the  relations  of  schist  and  granito  at 
Seapoint,  near  Ciye  Town,  were  admirably  described  with  characteristic  insight 
by  Oharles  Darwin  in  1844.  The  composite  character  of  banded  gneisses  was 
realised  by  Michel  I^vy  and  by  Callaway  simultaneously  in  1887. 


WEDNESDAY,  AUGUST  30. 
The  following  Report  and  Papers  were  read : — 

Report  on  an  Inveiiigation  ofifie  BcUoka  Gorge  and  Adjacent  Portions 
of  the  Zambesi  Valley.  By  G.  W,  Lamplugh,  F.R.8,,  F,G.S.—8eQ 
Reports,  p.  292. 


2.  Olaeial  Deposits  of  the  Alps.    By  Professor  A.  Penck. 


S.  T^ie  Recent  Work  of  the  Transvaal  Geological  Survey. 
By  Herbert  Kynaston,  B,A. 

The  present  communication  gives  a  general  account  of  the  principal  results  of 
the  work  of  the  Geological  Survey  of  the  Transvaal  since  the  commencement  of 
its  present  organisation.  The  author  points  out  that  the  initial  stages  of  the  work 
were  much  facilitated  by  the  previous  and  admirable  labours  of  Dr.  G.  A.  F. 
Molengraaff,  lato  State  (geologist,  Dr.  Hateh,  and  other  Transvaal  geologists. 

The  main  divisions  of  the  geological  succession,  as  represented  in  the  Transvaal, 
are  considered  in  ascending  order,  and  a  short  account  is  given  of  how  our  know- 
ledge of  each  of  these  has  been  added  to  or  modified  by  the  work  of  the  survev. 

With  reffard  to  the  older  rocks,  t>.,  those  included  within  the  South  African 
Primary  ana  Vaal  River  systems  of  Molengraaff,  these  have  so  far  only  just  been 
touched  upon  by  the  survey,  which  has  mainly  confined  its  attention  to  the  more 
central  portions  of  the  Transvaal,  occupied  by  rocks  belonging  to  the  later  systems. 

The  Transvaal  svstom  comprises  the  black  reef  series,  the  dolomite,  and  the 
Pretoria  series,  and  is  the  Transvaal  equivalent  of  the  Campbell  Rand  and  Griqua 
Town  series  of  Griqualand  West  and  the  Prieska  district. 

The  bkck  reef  series  has  been  mapped  between  Pretoria  and  Johannesburg  on  the 
south,  in  the  Lydenburg  district  on  the  east,  and  traversed  in  the  Chunie  mountains, 
south  of  Pietorsburg,  on  the  north.  It  rests  immediately  upon  the  old  granite,  or 
the  up-tilted  edges  of  the  older  sedimenta,  with  a  very  marked  unconformity,  and 
constitutes  in  the  Lydenburg  district  the  eastern  edge  of  the  High  Veld  Plateau, 
its  most  conspicuous  feature  culminating  in  the  Devil's  Kantor.  The  thickness 
south  of  i^toria  is  insignificant,  but  the  series  attains  a  much  greater  develop- 
ment in  the  north,  reaching  a  thickness  of  1,600  feet  in  the  Chunie  mountains. 

A  considerable  area  of  the  dolomite  and  Pretoria  series,  which  succeed  the 
black  reef  with  perfect  conformity,  has  now  been  mapped,  mostly  by  Mr.  A.  L. 
Hall,  in  the  Pretoria  and  Lydenburg  districts.    Mr.  Hall's  detailed  study  of  the 
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neighbourhood  of  Pretoria  has  thrown  eonnderable  light  upon  the  structure  of  that 
area,  and  has  shown  how  the  strike  of  the  Pretoria  series  and  dolomite  has  been 
bent  sharply  to  the  south  by  the  aid  of  a  series  of  dislocations,  sometimes  nearly 
coinciding  with  the  strike,  and  causing  a  repetition  of  the  beds  at  the  surface  in  a 
very  striking  manner. 

With,  regard  to  the  series  of  the  Waterberg  sandstones — ^probably  the  equiva- 
lenc  of  the  Matsap  series  of  Stow  in  Griqualand  West — the  most  imjportant  result 
of  the  work  of  the  survey  is  the  definite  demonstration  by  Mr.  E.  T.  Mellor  of  a 
decided  unconformity  between  this  series  and  the  Pretoria  beds,  the  evidence  of 
which  is  very  clear  in  the  neighbourhood  of  Balmoral,  east  of  Pretoria.  It  has 
further  been  shown  that  the  red  granite  of  the  Bushveld  is  intrusive  in  and  there- 
fore of  later  date  than  the  Waterberg  sandstone.  Mr.  Mellor's  more  recent  work 
to  the  north  of  the  Eastern  Railway  line,  on  Rhenoster  Kop,  has  shown  that  the 
deposition  of  the  Waterberg  sandstones  was  ushered  in  bv  manifestations  of 
volcanic  activity  of  very  marked  intensity,  and  that  we  must  mclude  in  the  lower 
portion  of  the  series  a  considerable  thickness  of  acid  volcanic  rocks,  agglomerates, 
and  conglomerates. 

With  regard  to  the  red  granite  and  its  associated  acid  and  basic  rocks,  which 
cover  such  large  areas  in  that  portion  of  the  Central  Transvaal  known  as  the 
Bushveld,  these  rocks  and  thdr  principal  variations  have  been  studied  by  Mr.  Hall 
and  the  author,  and  much  evidence  has  been  collected  showing  the  intimate  con- 
nection, in  point  of  origin,  between  the  various  types.  These  constitute  a  petro- 
graphical  province  of  considerable  magnitude,  and  one  which  has  played  an 
uuportant  role  in  the  geological  history  of  the  Transvaal.  The  whole  complex, 
varying  as  it  does  from  the  acid  red  granites  of  the  Bushveld  to  the  pyroxenites, 
serpentines,, and  magnetite  rock,  which  occur  associated  with  the  marginal  belt  of 
norites,  forms  another  and  striking  example  of  differentiation  from  a  parent  magma, 
resulting  on  the  whole  in  increasing  basicit^r  from  centre  to  mar^n,  and  may  not 
unreasonably  be  regarded  as  constituting  a  gigantic  laccolitic  intrusion,  or  series  of 
intrusions,  between  the  Pretoria  and  Waterberg  series.  The  work  of  Mr.  Hall  has 
further  considerably  added  to  our  knowledge  of  the  nature  and  mode  of  oocunence 
of  the  cassiterite  deposits  of  the  Bushveld. 

Passing  on  to  the  Karroo  system,  a  number  of  outliers  of  Karroo  grits  have 
been  mapped  to  the  north,  north-east,  and  east  of  Pretoria,  at  the  base  of  which 
beds  of  conglomerate,  undoubtedly  of  glacial  ori^n,  frequently  occur,  corresponding 
in  position  to  the  well-known  Dwyka  conglomerate  of  Cape  Colony.  Aseociated 
-mui  this  deposit  Mr.  Mellor  has  recorded  several  excellent  examples  of  glaciated 
land  surfaces,  considerably  further  north  than  any  previously  observed,  and  he  has 
shown  from  the  evidence  of  the  glacial  strisB,  which  are  very  clearly  marked,  and 
from  the  character  of  the  boulders  in  the  conglomerate,  that  the  general  direction 
of  ice-movement  was  from  north  to  south. 

The  pale  fine-grained  sandstones  which  border  the  Springbok  flats  have  been 
shown  by  Mr.  Mellor  to  be  of  Karroo  age,  and  not  to  belong  to  the  Waterberg 
series  as  previously  supposed.  These  standstones  overlie  a  series  of  grits  seen  near 
Pienaar's  River,  and"  are  overlain  by  the  extensive  flows  of  basic  lavas — the  so- 
called  Bushveld  amygdaloid — which  constitute  the  central  portion  of  the  Springbok 
flats.  It  is  interesting  to  note  that  a  similar  succession  was  found  by  the  author 
in  a  recent  survey  of  the  Karroo  rocks  of  the  eastern  low  country,  in  the  neigh- 
bourhood of  Komati  Poort. 

The  author  concludes  with  a  brief  reference  to  the  diamond  pipes  of  the 
Pretoria  district,  with  special  reference  to  the  included  masses  of  Waterberg  rocks 
in  the  Premier  pipe,  and  the  occurrence  of  hard  blue  ground,  or  '  hardibank,*  in 
the  SchuUer  pipe. 

4.  The  Correlation  bettveen  the  pre- Karroo  Beds  of  the  Transvaal  wnd 
those  of  the  Cape  Colony,     By  Dr.  P.  H.  Hatch. 

The  correlation  of  the  pre-Karroo  rocks  of  South  Africa  is  a  fascinating 
problem  that  has  engaged  the  attention  of  most  South  African  geologists  at  one 
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time  or  another,  but  the  various  conjectures  hitherto  put  forward  have  not  stood 
the  test  of  time.  The  best^known  attempts  to  connect  the  Transvaal  with  the 
Cape  formations  are  those  of  8chenck '  and  Molengraaii'.^  The  sug^gestion  of  the 
former  was  that  the  lowest  Witwatersrand  beds  represented  the  base  of  the 
Table  Mountain  sandstone,  while  Dr.  Molengraaff  thought  that  the  threefold 
sequence  of  the  black  reef,  dolomite,  and  Pretoria  beds  corresponded  with  the 
three  conformable  members  of  the  Cape  system,  thus : 


3.  Pretoria  Beds  = 

2.  Dolomite  Series      b 
1.  Black  Reef  Series  = 


Witteberg  Series. 
Bokkeveld  Series. 
Table  Mountain  Series. 


The  fact,  however,  that  at  the  Cape  the  basement  beds  of  the  Karroo  f^stem 
(viz.,  the  Dwjka  series)  succeed  the  Witteberg  series  coDformably,  while  in  the 
Transvaal  the  Dwvka  conglomerate  lies  unconfbrmably  on  the  Waterbeig  sand- 
stone, which  itself  rests  unconformably  on  the  Pretoria  series,  shows  clearly  that 
neither  of  these  correlations  can  be  maintained. 

The  author  of  the  present  conmiunication  and  Dr.  Corslorphine  in  their 
recently  published  '  Geology  of  South  Africa  *  ®  give  reasons  for  correlating  the 
base  o^  t^e  Waterberg  sandstone  with  that  of  the  Table  Mountain  sandstone. 
The  clue  to  this  view  was  first  afforded  by  the  Cango  series  of  the  Oudtshoorn 
district  in  the  Cape  Colony,  which  has  been  shown  by  the  Cape  Survey  to  be  older 
than  the  Table  Mountain  sandstone.  The  Cango  series  contains  a  dolomitic 
limestone  comparable  in  all  respects  with  the  wefl-known  dolomite  of  the  Trans- 
vaal, and  it  is  overlaid  by  dark  slates  resembling  those  of  the  Pretoria  series,  and 
underiaid  by  beds  of  a  quartz-felspar-grit,  not  unlike  the  arkose  quartzite  so  often  - 
found  at  the  base  of  the  black  reef  series.  It  seems  therefore  more  than  prob- 
able that  the  Cango  dolomite  is  of  the  same  age  as  the  Transvaal  rock ;  and  if 
this  assumption  be  true  the  lowest  member  of  the  Cape  system  (viz.,  the  Table 
Mountain  sandstone)  can  only  be  represented  by  the  ^V  aterberg  sandstone,  while 
the  two  upper  fossiliferous  members  (viz.,  the  Bokkeveld  and  the  Witteberg  series) 
are  wanting  in  the  Transvaal. 

The  Ventersdorp  system  of  the  Transvaal,  which  is  continuous  into  the 
Northern  Cape  Colony,  where  it  appears  as  the  amvgdaloids  of  the  Vaal  River, 
and  as  the  meiaphyres,  qnartzitoA,  and  quartz  porphyries  found  below  the  ]<]cca 
beds  in  the  shafts  of  the  Kimberley  diamond  mines,  is  probably  represented  in  the 
Southern  Cape  Colony  by  the  Cango  Conglomerate  and  the  Ibiquas  seiies  (in  part), 
while  the  Witwatersrand  system  is  entirely  absent  at  the  Cape. 

The  scheme  of  correlation  put  forward  by  the  author  and  Dr.  Corstorphine  is 
then  as  follows : — 


Southern  Cape  Colony 

Base  of  the  Karroo 
System 


Nortliem  Cape  Colony 

Base  of  the  Karroo 
System 


Tranwaal 

Base  of  the  Karroo 
System 


Cape 
System 


Witteberg  Series 
Bokkeveld  Series 
Table  Mountain 
Series 


(missing) 

(missing) 

Matsap  Series 


(missing) 
(missing) 
Waterberg    Sand- 
stone 


•vxv>  v^-vy  ^ 


»  A.  Schenck,  Die  geologisohe  Entnnckelvmg  Sudafriltas,  Petermann's  NittJieilungen, 
Band  M,  1888,  pp.  225-232. 

•  G.  A.  P.  Molengraaff,  Report  of  the  State  Geologist  of  the  S.A.  Republic  for  the 
year  1897,  Tra/n4.  Oeol.  8oc.  8  A„  vol.  iv.  p.  119.    Johannesburg,  1898. 

»  lite  Geology  of  South  AfHea,  by  F.  H.  Hatch  and  G.  S.  Corstorphine.  Macraillan 
and  Co.,  I^ndon,  1905.  C^  r^r^r^\r> 
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Caogo 
Bed? 


Southern  Cape  Colony      Northern  Cape  Colony 


Slates 

Dolomitic  Lime- 
stone 
iGrits 


If 

•ceo 


Griquatown  Series 
Campbell  Band 
Series 

,Keis  Scries 


a 


Tramwud 

Pretoria  Series 
Dolomite  Series 


Black  Beef  Series 


Cango     Conglomerate  Amygdaloids    of    the 
and  Ibiquas    Series       Vaal  River 
(in  part) 


■\.r\.r\.r\.y>^ 


(missing) 


(missing) 


Malmesbury  Series  and   Namaqnaland    Series 
Granite  and  Granite 


Yentersdorp  Sys- 
tem 


Witwatersrand 
System 

Swaziland   Series 
and  Granite 


N.B.— The  wavy  line  - 


indicates  the  presence  of  an  unconformity. 


5.  An  Instrument  for  Surveying  Deep  Boreholes.     By  Dr.  F.  H.  Hatch. 

The  author  described  Mr.  Oehmen's  instrument  for  surveying  deep  boreholeit, 
And  Mr.  Payne  Gallwey  gave  an  illustration  of  the  use  of  the  instrument.  By  thia 
ingenious  instrument  the  deviation  from  the  vertical  and  the  direction  of  the 
deviation  are  recorded  by  taking  photographs  of  the  position  of  a  plumb-bob  and 
a  magnetic  needle  at  any  desired  noint  in  the  borehole.  The  photographs  are 
taken  by  means  of  two  small  incanaescent  lamps,  which  are  illuminat^  by  a  dry 
battery  after  the  instrument  has  been  lowered  to  the  desired  point  by  means  of  a 
time-contact  regulated  by  a  watch.  1  he  amount  of  deviation  and  its  direction  are 
calculated  from  the  photograph  after  the  sensitised  paper  has  been  developed  at 
the  surface,  and  check  results  are  found  to  be  most  consistent.  The  amount  of 
deviation  is  calculated  by  measuring  the  distance  between  the  centre  of  the  pholo* 
graph  of  the  plumb-bob  and  the  centre  of  the  disc^  the  length  of  the  plumb-bob 
being  a  known  &ctor.  The  direction  of  deviation  is  obtained  from  the  photograph 
of  the  magnetic  needle,  the  correct  orientation  being  fixed  by  two  pin-pricks,  which 
have  the  same  relative  position  both  on  the  photograph  of  the  needle  and  on  that  of 
the  plumb-bob. 


6.  On  the  Geology  of  Basvioland,     By  Rev.  S.  S.  Dornan. 

The  rocks  of  Basutoland  belong  to  the  Stormberg  series  of  the  Karroo  system 
and  consist  of — 


4.  Volcanic  beds 
8.  Cave  sandstone 
2.  Ked  beds       . 
1.  Molteno  beds 


COO  to  4,000  feet. 
150  to  300  feet. 
300  to  600  feet 
600  + ,  (exposed  base  not  seen). 


together  with  surface  and  recent  accumulations. 

The  Molteno  beds  comprise  sandstones,  shales,  and  mudstones,  grey  and  greenish 
in  colour,  loose  in  texture,  and  presenting  a  glittering  appearance  upon  fresh  frac- 
ture.   Nodules  also  are  ot  frecjuent  occurrence. 

Plants  have  been  found  in  the  Matabele  district  of  Griqualand  East,  and  a 
few.  so  far,  in  Basutoland.  The  Molteno  beds  contain  thin  seams  of  coaL  Several 
are  Known  to  exist  in  Basutoland,  but  are  not  virorked  (except  in  one  instance)  by 
the  natives,  who  are  afraid  of  the  white  man,  as  they  say  that  if  they  allowed  the 
whites  to  prospect  for  minerals  they  would  lose  their  country.      Conglomerates 
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alio  occur.  One  above  the  coal  seams  has  a  large  amount  of  ferruginous  matter. 
Fossils  are  not  plentiful.  A  portion  of  a  reptilian  humerus  has  been  obtained  from 
the  conglomerates. 

The  Ked  beds  lie  conformably  on  the  Molteno  beds,  being  distinguished  princi- 
pally b^  their  prevailing  colour.  It  is  extremely  difficult  to  make  any  ae6nite 
separation  from  the  beds  below.  Thev  consist  of  Red  sandstones,  blue,  green,  and 
chocolate-coloured  mudstones  and  shsJes.  Ripple  marks  and  false  bedding  occur. 
No  fossils  have  been  found  except  a  few  specimens  of  silicified  wood.  The 
average  thickness  is  about  *I00  feet,  but  in  many  i>laces  much  more.  They  are 
thicker  in  the  north  of  Rasutoland  and  the  Orange  Kiver  Colony.  The  Cave  Sand- 
stone beds  are  extremely  difficult  to  separate  from  the  Red  beds,  as  they  pass  into 
each  other  gradually.  The  cave  sandstone  forms  the  crests  of  the  hills.  Its  bed* 
ding  planes  are  not  well  developed, and  individual  bed^  rather  thick.  It  weathers 
into  hnge  pillars,  which  in  falling  down  strew  the  slopes  with  large  blocks.  It 
contain.^  caves  formerly  used  by  Bushmen,  and  later  by  cannibals.  These  caves 
sometimes  contain  Bushmen  paintings,  e.y.,  that  at  Qalo.  A  large  cave  near  Cana 
is  still  called  the  Cannibals' Cfave  by  the  natives,  from  the  red  colour  of  a  sandstone 
ledge,  where  the  cannibals  are  said  to  have  slaughtered  their  victims. 

Fossils  are  comparatively  rare,  but  reptile  tracks  are  fairly  abundant.  At 
Qalo  two  impressions  can  be  seen  on  a  fallen  slab,  the  middle  toe  of  which  is 
13^  inches  long.  At  Morija  there  are  two  slab?,  the  smaller  of  which  contains 
one  large  and  a  few  small  impressions.  The  larger  contains  three  sets  of  impres- 
sions, evidently  belonging  to  different  individuals.  Those  of  the  largest  set  are 
12  inches  long,  with  a  stride  of  from  2  feet  7  inches  to  3  feet,  Fbh  have  been 
found  at  Ficksburg  and  Masitise,  but  it  is  uncertain  whether  they  came  from  cave 
sandstone.  A  skull  described  in  Zittels'  *  Palieontology '  is  said  to  have  come 
from  Thaba  Chou,  Basutoland,  but  the  locality  cannot  be  identified. 

The  volcanic  beds  occupy  the  higher  ridges  of  the  Malotis  and  Drakensberg 
ranges,  with  a  few  outliers  such  as  Thaba  Isuen,  &c.  Their  total  thickness  must  be 
4,000  feet.  There  seem  to  have  been  two  pha«es  of  volcanic  activity,  yielding,  respec- 
tively, the  lava  beds  and  the  intrusive  sheets.  The  latter  do  not  penetrate  to  the 
Red  oeds,  while  the  former  occupy  the  tops  of  the  hills.  Basaltic  dykes,  in  con- 
nection with  the  intrusive  sheets,  traverse  the  lava  beds.  On  Thaba  Isuen  an 
interesting  section  can  be  seen.  The  mountain  consists  of  three  terraces,  each  with 
certain  characteristics.  The  lavas  are  doleritic  near  their  junction  with  the  Cave 
Sandstone,  higher  up  ihey  are  amygdaloidal  upon  what  was  probably  the  old 
crater-wall,  while  the  plug  conusts  ot  dolerite  and  agglomerate.  East  of  Morija 
are  two  other  examples  of  volcanic  plugs,  with  characteristics  similar  to  Thaba 
Isuen.  They  are  also  found  in  the  north-east  of  the  Orange  River  Colony  at 
Fouriesberg. 

The  intrusive  sheets,  or  at  least  some  of  them,  seem  to  be  later,  as  the  dykes  in 
connection  vnth  them  traverse  the  volcanic  beds,  and  run  for  miles  across  the 
country. 

The  Cave  Sandstone  and  Red  beds  lie  horizontally  upon  some  sheets,  which 
would  show  that  they  are  more  recent  than  the  lava-flows. 

Recent  and  superficial  deposits  occupy  the  plains,  and  comprise  stratified  clavs, 
rands  and  gravels,  through  which  the  present  rivers  have  cut  their  channels.  The 
drainage  of  the  country  seems  to  have  followed  pretty  much  its  present  lines,  the 
Caledon  and  other  rivers  having  cut  deep  channels,  which  indicates  that  their 
courses  have  not  undergone  alteration  for  a  lon^  time. 

The  most  interesting  of  these  recent  deposits  is  the  blown  sand  on  Thaba  Bosin, 
occupying  a  space  of  many  acres.  The  sand  travels  gradually  east  or  west,  owing 
to  the  direction  of  the  prevailing  winds,  but  does  not  fall  over  the  precipice  owing 
to  the  updraught  of  the  wind  rushing  round  the  hill. 

A  few  fossils  have  been  found  in  these  beds  belonging  to  existing  species^ 
some  of  which,  as  the  hippopotamus  and  warthog,  no  longer  exist  in  the  country. 

This  paper  is  only  a  sketch  of  a  small  part  or  the  country,  and  therefore  is  in 
no  seme  complete. 
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FRIDAY,  SEPTEMBER  1. 
The  following  Papers  were  read : — 

1.  The  Dolomite  Formation  of  ilie  Transvaal.     By  C.  Baring  Horwood. 

The  dolomite  formg  a  considerable  area  of  undulating  grass  country  in  various 
parte  of  the  Transvaal,  and  is  important  a8  being  practically  the  only  source  of 
the  permanent  rivers  of  the  country.  It  lies  conformably  between  the  Black  Reef 
Series  and  iho  Pretoria  Series,  forming  with  them  the  Potchefstroom  System. 
This,  however,  is  bounded  above  and  below  by  unconformities,  so  that,  as  fosals 
are  wanting,  its  age  is  not  known. 

The  dolomite  is  probably  a  deep-sea  deposit,  which  has  subsequently  been 
dolomitised  in  shallow  water,  and  has  lost  in  the  process  all  traces  of  stratification 
and  organic  remains.    The  upper  layers  contain  much  chert. 

In  the  East  Rand  it  is  associated  with  uniform  layers  of  syenite  or  tonalite, 
which  may  probably  be  connected  in  origin  with  the  plutouic  series  of  the  Bushveld. 

Gold  occurs  at  Malmani  in  quartz  fissure- veins,  and  in  narrow  interbedded 
quartz  sheets  in  the  Lydenburg  district. 


2.  On  the  Discovery  of  Marine  Fossiliferous  Rocks  of  Tertiary  Age    in 
Natal  cmd  Zululand.     By  William  Anderson,  F.B,S,K 

Tertiary  rocks  of  marine  origin  have  not  previously  been  recorded  from  South 
Africa.  The  present  occurrences  are  confined  to  the  coast  of  Natal  and  Zululand. 
The  nearest  outcrops  of  marine  tertiaries  are  on  the  west  coast  of  Madagascar.  In 
Zululand  they  rest  upon  rocks  which  are  known  to  be  of  Upper  Cretaceous  age  and 
form  a  series  of  considerable  thickness.  They  consist  of  highly  coloured  sand, 
showing  false  bedding,  marls,  and  shales.  In  the  upper  portion  of  the  shales  and 
marls  marine  moUusca  with  foraminifera  are  plentiful,  but  not  particularly  well 
preserved,  although  sufiiciently  so  for  identification.  The  moUusca  were  identified 
by  Mr.  R.  Etheridge  as  of  probably  Eocene  age,  while  the  foraminifera  were 
stated  by  Mr.  Hinde  to  be  of  Tert  iary  aj^.  In  the  lowermost  beds,  exposed  at' 
low  water,  large  quantities  of  mammalian  bones  occur  in  the  shales.  In  most 
cases  the  individual  bones  are  isolated  specimens,  although  large  portions  of  the 
vertebral  column  and  the  complete  pelvic  girdle  of  a  large  mammal  were  found 
in  one  piece.  Associated  with  these  remains  are  numerous  large  water-worn 
fragments  of  fossil  wood,  fish,  and  crustacean  remains.  The  evidence  points  to  the 
estuarine  origin  of  the  lower  mammalian  shales.  Among  the  more  common  genera 
which  occur  are  the  elephant,  rhinoceros,  hippopotamus,  with  many  others  which 
have  still  to  be  identified. 

The  other  locality  in  which  rocks  of  probably  Tertiary  age  occur  is  on  the 
Bluff*,  near  Durban.  This  headland  consists  of  a  coarse,  calcareous  grit,  with 
marine  fossils  which,  so  far,  have  not  proved  sufficiently  well  preserved  for 
identification.  It  is  more  than  probable,  however,  that  the  sandstones  of  the 
Bluif  will  prove  to  be  of  Tertiary  age.  In  a  bore  recently  put  down  on  the  Bluff* 
for  coal,  over  300  feet  of  this  calcareous  sandstone  was  passed  through,  followed 
by  over  300  feet  of  undoubted  Upper  Cretaceous  rocks,  which  rest  unoonformablj 
on  the  Ecca  shales  of  the  district. 

This  discovery  of  mammalian  remains  in  marine  Tertiarv  beds  appears  to  be  of 
considerable  importance  to  South  African  geology,  especially  when  considered  in' 
connection  with  the  discovery  of  the  remarkable  series  of  extinct  animals  which 
have  lately  been  obtained  from  the  deposits  of  the  Faydm  desert  by  the  oflSoers 
of  the  Geological  Survey  of  Egypt. 
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3.  Evidences  of  Glacial  Gonditions  in  Permo-Ccvrhoniferous  Times 
in  the  Transvaal,     By  Edwaed  T.  Mellob,  B:Sc. 

(Communicated  by  permission  of  the  Di/reotor  of  the  Geological  Survey 
of  the  Transvaal.) 

The  present  paper  givea  a  brief  account  of  recent  work  in  connection  with 
the  rocks  at  the  base  of  the  Karroo  System  in  the  Transvaal,  including  some 
additions  to  the  evidence  of  extensive  glacial  action  in  early  Karroo  times.  The 
description  given  of  the  character  and  mode  of  occurrence  of  the  glacial  con- 
glomerate is  based  mainly  upon  observations  made  in  the  course  of  mapping  a 
district  lying  between  the  Elands  and  Wilge  Rivers,  east  of  Pretoria.  The 
Karroo  System  does  not  here  attain  so  complete  a  development  as  in  the  more 
eastern  and  southern  portions  of  South  Africa.  The  whole  thickness  of  the  forma- 
tion rarely  exceeds  400-500  feet,  and  it  is  not  possible  as  yet  to  recognise  the 
many  divisions  which  it  presents  in  those  parts  of  South  Africa  where  it  attains 
a  much  greater  thickness.  Outliers  along  the  margin  of  the  main  area  occupied 
by  the  Karroo  System  afford  good  opportunities  for  the  study  of  the  glacial  con- 
glomerate which  forms  its  base.  They  are  occasionally  entirely  composed  of  this 
conglomerate  owing  to  the  complete  denudation  of  the  overlying  sandstones  and 
grits. 

The  upper  and  well  stratified  portion  of  the  formation  lies  everywhere 
horizontally,  and  its  base  maintains  a  fiery  constant  elevation  of  about  4,900 
to  6,000  feet.  The  glacial  beds  of  the  lower  portion  of  the  formation  rarely  show 
distinct  stratification,  and  outliers  consisting  of  these  alone  closely  resemble, 
both  in  appearance  and  mode  of  distribution,  patches  of  glacial  drift  of  com- 
paratively recent  origin.  There  is  abundant  evidence  that  they  were  laid  down 
upon  an  old  land  surface  possessing  considerable  variety  of  surface  feature,  and 
some  of  the  thickest  deposits  of  glacial  conglomerate  occur  in  valleys  or  below 
escarpments  which  were  m  existence  before  its  deposition. 

Owing  to  the  abundant  sandy  drift  arising  both  from  the  conglomerate  itselt 
and  from  the  grits  and  sandstones  which  usuaUy  overlie  it,  the  solid  conglomerate 
is  rarely  exposed  at  the  surface.  Where  seen,  it  is  of  a  light  yellow  or  cream 
colour,  and  usnally  consists  of  a  fandy-looking  matrix  containing  abundant 
boulders  and  pebbles  distributed  without  definite  arrangement  through  the  mass. 
The  pebbles  and  boulders  vary  in  size  from  2  to  8  inches  up  to  as  much  as 
10  feet  in  diameter.  The  materials  of  which  the  boulders  are  composed  vary 
much  in  character.  There  is  always  a  great  preponderance  of  local  rocks  with  an 
admixture  of  others  which  can  be  shown  to  be  derived  from  comparatively  distant 
sources,  which  are  to  the  north  of  the  present  position  of  the  boulders.  In  the 
district  here  specially  referred  to,  the  majority  of  the  boulders  consist  of  hard 
red  quartzites  and  conglomerates  derived  from  the  Waterberg  Formati<m  which 
underlies  the  glacial  conglomerate  over  a  large  part  of  the  area.  Almost  equally 
numerous  are  boulders  of  the  Red  Granite  which  occurs  extensively  further 
to  the  north. 

The  boulders  are  always  highly  polished  and  usually  facetted.  When  com- 
posed of  fine-grained  rocks,  such  as  felsites  and  shales,  they  frequently  show 
striations  on  the  facets.  The  matrix  of  the  glacial  conglomerate  consists  of 
sharply  angular  fragments  of  quartz  and  of  rocks  similar  to  those  of  which  the 
boulders  are  composed,  varying  in  size  from  mere  grains  upwards.  It  difiers 
to  some  extent  from  the  matrix  of  the  typical  Dwyka  conglomerate  of  the  more 
southern  portions  of  South  Africa  in  presenting  an  appearance  much  less 
suggestive  of  an  igneous  origin.  On  weathering,  the  matrix  of  the  conglomerate 
usually  gives  rise  to  sandy  products;  in  some  localities,  however,  it  produces 
a  yellowish  clay,  in  which  the  boulders  remain  embedded.  In  specimens  from  a 
depth,  the  matrix  is  occasionally  greenish  in  colour.  Liocally  there  occur  in  the 
conglomerate  lenticular  patches  of  fine-grained,  massive,  white  or  cream-coloured 
sandstones,  and  white,  finely  laminated  shales  and  mudstones. 

The  progressive  denudation  of  the  glacial  conglomerate  exposes  at  its  margin 
the  glaciated  surfaces  of  the  underlying  rocks,  which  frequently  show  very  clear 
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BtriatioD.  The  best  examples  yet  met  with  are  those  occurriog  to  the  north  of 
the  Douglas  Colliery  near  Balmoral.  In  a  number  of  examples  distributed  oyer 
an  area  of  300  square  miles  the  striae  exhibit  great  constancy  of  direction,  and 
point  to  the  existence  of  an  extensive  ice-sheet  with  a  moyement  from  N.N.W. 
to  S.S.E. 

It  is  very  probable  that  the  glacial  conglomerate  extends  very  much  farther 
north  than  the  localities  at  present  known.  Daring  the  past  year  outliers  of  the 
conglomerate  were  found  ninety  miles  north  of  the  latitude  of  Johannesburg. 


4.  Note  on  Hie  Occurrence  of  Dwyka  Conglomerate  at  Kimberley  Mine, 
By  G.  W.  Lamplugh,  F,R.S. 

The  author  described  the  occurrence  of  glaciated  boulders  in  the  Dwyka  oon> 
glomerate  and  the  cast  of  a  glaciated  surface,  with  striae  running  £.  30°  N.  in  the 
open  shaft  of  Kimberley  mine. 

5.  7^  Diamond  Pijjes  and  Fissures  of  SoutJi  Africa, 
By  Harold  S.  Hargeb. 

The  author  leads  up  to  the  subject  of  the  formation  of  the, diamond  pipes  and 
fissures  by  pointing  out  that  for  vast  d^es  a  great  portion  of  South  Africa  was 
under  water,  during  which  period  14,000  feet  of  8»>diment8  were  laid  down, 
forming  the  great  Karroo  system  of  fluviatile  and  lacustrine  rocks.  TKeir 
deposition  was  accompanied  b^  a  gradiuil  subsidence  or  depression  of  the  wbo!e 
formation,  during  which  faulting  and  fracturing  of  the  earth  s  crust  occurred, 
asHisting  the  infiltration  of  overlying  waters  and  the  generation  of  steam,  and 
ultimately  influencing  widespread  intrusions  of  basic,  igneous  rocks,  such  as 
dolorite  and  basalt.  The  whole  series  was  afterwards  raised  again  to  its  present 
level.  At  the  close  of  the  great  period  of  immersion  and  deposition  of  sediments, 
violent  quakes  and  explosions  occurred,  shattering  the  earth's  crust  and  facilitating 
the  formation  of  volcanic  rocks  and  huge  fissures  out  of  which  issued  enormous 
outpourings  of  amygdaloidal  lavas,  over  4,000  feet  in  thickness  alon^  the 
Drakensberg  range.  Following  this  period  of  activity  came  the  intrusion  of 
numerous  volcanic  pipes  and  fissures  fiil^  with  the  diamond-bearing  '  blue  ground ' 
termed  by  Professor  Oarvill  Lewis  '  Kimberlite.'  This  blue  ground  is  a  serpentine- 
breccia,  and  contains  a  larger  number  of  minerals  than  any  other  known  rock. 
The  most  prominent  of  these  minerals  are  garnet,  ilmenite,  various  pyroxenes, 
olivine,  and  mica,  all  of  which  are  derived  from  the  shattering  to  pieces  of  deep- 
seated  ultra-basic  and  other  rocks  dissected  by  the  pipe  during  the  upward  passage 
of  the  Kimberlite.  The  age  of  the  pipes  in  the  Qipe  Colony  and  O.R.O.  is  con- 
sidered by  the  author  to  be  late  Trisssic  or  Jurassic,  and  the  Pretoria  pipes,  for  stated 
reasons,  are  contemporaneous.  They  are  the  latest  erupttves  of  South  Africa. 
The  presence  of  many  pipes  on  lines  of  weakness  indicated  by  fissures  filled  with 
Kimberlite  suggests  that  most  of  the  pipes  originated  on  fissures,  and  are  there- 
fore closely  associated  with  the  latter.  JBoth  contain  the  same  minerals  and  also 
diamonds,  and  their  origin  was  due  to  the  expansive  force  of  great  quantities  of 
imprisoned  vapour  generated  at  vast  depths  and  liberated  with  sudden  violence. 

The  origin  of  the  blue  ground  in  the  pipes  he  considered  due  to  the  shattering 
of  the  ultra-basic  rocks  such  as  eclogites,  pyroxenites,  and  Iherzolites,  all  of 
which  are  commonly  met  with,  and  are  made  up  of  the  minerals  which  form  the 
bulk  of  the  blue  ground.  In  these  rocks  garnet  occurs  plentifully,  and  also 
olivine  and  pyroxenes.  The  diamond  has  frequently  been  found  crystallised  in 
garnet,  and  more  rarely  in  olivine ;  hence  the  precious  gem  must  have  had  its  genesis 
in  the  ultra-basis  zone  in  which  those  minerals  originated.  The  experiments  of 
Sir  William  Crookes  and  of  Moissan  suggested  that  the  presence  of  iron  was 
necessarv  for  the  formation  of  the  diamond,  but  to  this  the  author  objects  owing 
to  the  net  that  the  necessary  iron  does  not  exist  in  the  diamond  mines,  and 
because  Dr,  FrJedl&nder's  experiments  prove  that  diamond  can  be  formed  in 
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olbine  without  the  enormous  pressure  and  heat  used  by  other  experimenters. 
He  concludes  with  the  opinion  that  a  yery  deep-eeated  ultra^basic  zone  in  which 
ffarnet  and  ferro-magnesian  silicates  predominate  saw  the  crystallisation  of 
aiamond. 

6.  On  the  Gedogy  of  the  West  Rand.    By  Dr.  J.  T.  Carrick. 

The  results  of  a  survey  of  the  West  Rand,  mode  by  the  author  in  IHOD,  agree 
in  the  main  with  Dr.  Hatch's  geological  map  of  the  Southern  Transvaal  publi&ed 
in  1897.  In  the  author's  opinion  it  is  not  yet  certain  that  the  granite  to  the  north  of 
Johannesburg  is  all  of  one  age.  The  schists  belong  to  the  horizons  respectively 
older  and  younger  than  the  base  of  the  Witwatersrand  system.  The  author  con- 
siders that  the  Botha's  and  Main  Reef  series  are  identical. 


7t  The  PltUonic  Bocks  a/nd  their  BehUione  with  the  Crystalline  Schists  and 
other  Formations.    By  F.  P.  MeitniSll. 

In  this  paper  the  term  *  plutonic '  is  restricted  to  those  vast  and  structurally 
uniform  masses  of  igneous  material  whose  superficial  extent  Lb  matched  by  their 
extension  in  depth.  No  mere  coarsely  crystslline  dyke  comes  under  this  head,  and 
it  ma^  even  be  doubted  whether  any  rock  but  granite  strictly  fulfils  the  above 
conditions.  Such  rocks  will  have  consolidated  not  so  much  from  intrusion  into  the 
cool  upper  zones  of  the  earth's  crust,  but  because  the  liquid  condition  is  a  state  of 
unstable  equilibrium  at  the  normaJ  depth-temperature,  and  cannot  survive  the 
cessation  or  reversal  of  such  crust  movements  as  have  temporArily  given  rise  to 
fusion.  Despite  these  restrictions  plutonic  rocks  are  extremely  common  in  South 
Africa,  nearly  all  being  of  later  date  than  our  uppermost  Archaoan  rocks,  but 
older  than  the  lowest  of  the  later  sediments.  The  geologist  is  able  to  examine  the 
very  roots  of  the  great  mountain  chains,  of  which  the  granites  must  once  have 
formed  a  core,  pro&bly  at  the  b^inning  of  the  Palffiozoic  period. 

lytrological  Problems. — (i)  Composition, — It  quickly  becomes  obvious  th^it 
granite,  instead  of  being  an  extreme  of  the  igneous  series,  represents  almost  exactly 
the  averoge  composition  of  the  igneous  rocks  (see  '  Qeol.  Mag.,'  June  1904,  p.  2({3). 
The  conclusions  drawn  from  actual  observation  in  6uch  an  area  as  Rhodesia,  chiefly 
occupied  by  igneous  rocks,  do  not  at  all  tally  with  inferences  based  merely  on 
laboratory  work,  which  do  not  sJlow  for  bulk — really  the  essential  feature  of  the 
problem. 

(ij)  Catises  of  Heterogeneity, — But  thou&h  we  find  that  grauite,  which  is 
practically  uniform  over  enormous  areas  (often  many  thousand  square  miles,  in 
south  Africa),  is  by  far  the  most  important  igneous  product,  we  have  still  to 
account  for  the  fact  that  other  rocks  are  met  with  which  diflbr  widely  both  among 
themselves  and  from  the  granitic  average.  Appearances  point  to  8ome  genetic 
relation  between  even  very  divergent  types,  and  it  has  been  suggested  that  all  have 
been  derived  from  a  single  homogeneous  magma.  But  the  existence  of  such  a 
msgma,  even  in  a  single  province,  seems  unaccountable,  and  granting  ita  possibility 
we  do  not  find  the  suggested  causes  of  se^^rsffation  to  be  satisfactory.  They  are 
without  exception  either  contrary  to  physical  principles  or  quite  incapable  of  pro- 
ducing the  effects  ascribed  to  them,  except  on  a  small  scale. 

W^  are  accord  inglv  forced  to  consider  whether  there  ma3r  not  be  other  explana- 
tions of  the  facts.  And  indeed  we  constantly  find,  even  in  the  case  of  limited 
exposures  of  the  upper  zones  of  plutonic  masses,  evidences  of  the  derivation  of 
material  from  the  surrounding  rocks  (chiefly  crystalline  schists).  But  it  is  no  use 
appealing  merely  to  a  certam  amount  of  absorption  as  the  cause  of  rock- variation. 
We  must  go  back  to  the  origin  of  the  magmas  themselves.  It  seems  certain  that 
the  plutonic  masses,  sa  we  know  them,  must  result  from  the  meltinfip  down  of  other 
pre-existing  rocks,  whether  i^eous,  sedimentary,  or  metamorphic.  They  have 
certainly  been  liquid  at  one  time  or  another  since  the  earth  reached  its  present 
itage  of  coolingi  so  that,  unless  we  reject  the  solid-earth  theory,  they  must  have 
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been  produced  by  the  refaaion  of  once  solid  material.  The  evidence  only  points 
to  granite  resulting  from  the  etiective  mixing  of  heterogeneous  materials  rather  than 
to  its  being  a  mere  residuum  left  after  the  abstraction  from  a  magma  of  its  basic 
material. 

(iii)  Original  Constitution  of  the  Magmm, — ^There  is  nothing  to  show  that  the 
earth  was  ever  homogeneous  in  composition,  or  even  composed  of  anything 
approaching  homogeneous  layers.  We  must  consequently  accept  even  the  oldest 
plutonic  rocks  as  the  result  of  the  fusing  of  very  diverse  materials,  the  diversity 
increasing  as  more  and  more  sediment  came  under  the  influence  of  refusion,  from 
liuiestones  with  little  or  no  silica  to  sandstones  with  up  to  100  per  cent.  By  the 
intimate  mixture  of  all  classes  granite  is  evidently  produced;  but  where  the  mixti^ 
is  dependent  to  any  considerable  extent  on  diffusion  heterogeneity  would  prevail 
for  long  periods  of  even  geological  time,  and  segregation  mi^ht  even  locally  increase 
it.  All  the  usual  features  of  a  petrographical  province,  including  the  predomi- 
nance of  basic  lavas  but  of  acid  plutonic  rocks,  are  readily  deducible  from  such 
conditions. 

(iv^  CircuUUion  of  Material, — On  the  above  basis  it  will  be  seen  that  there 
must  DC  circulation  of  material  between  the  igneous  and  sedimentary  rocks 
Starting  on  the  first-formed  rocks  of  the  cooling  earth,  the  agencies  of  denudation 
have  been  constantly  at  work  sorting  the  materials  subjected  to  their  action.  Free 
silica,  unaltered  from  its  origimil  form  as  quartz,  has  been  separated  from  its 
associated  minerals  and  formed  into  sandstones ;  felspar,  altered  indeed  but  not  out 
of  all  recognition,  has  given  rise  to  clays  and  shales ;  while  the  ferro-magnesian 
minerals,  far  more  profoundly  changed,  have  provided  the  material  for  limestones 
and  dolomites,  as  well  as  colouring  and  cementing  matter  for  rocks  of  all  classes. 

Sedimentation  indeed  constitutes  a  very  real  analysis  of  the  rocks  on  which  it 
has  to  work.  The  accretion  of  the  plutonic  igneous  masses,  as  we  now  know  them,  is 
precisely  the  reverse.  In  its  course  the  varied  materials  which  have  been  so 
laboriously  sorted  out  by  mechanical  and  chemical  agencies  are  melted  down,  as  it 
were,  in  one  vast  crucible.  They  are  subjected  to  a  very  effective  process  of 
synthesis,  and  eventually  cool  down  to  become  once  more  available  for  fresh  sorting 
operations  when  a  new  cycle  begins  in  its  turn. 


8.  A  Consideration  of  the  Archceo/n  Period  of  the  Continents  of  North 
America  and  SotUh  Africa^  with  reference  to  Mineral  Ocewrrences* 
By  E.  F.  Heneagk. 

The  study  of  ArchsBan  rocks,  though  it  may  lack  the  peculiar  interest  attach- 
ing to  that  of  fossiliferous  strata,  and  is  beset  with  more  difficulties  in  respect  of 
the  decipherment  of  their  history,  is  nevertheless  one  of  much  interest  and  of  very 
great  importance,  for  in  the  right  reading  of  their  history  lies  a  key  to  the  secret 
of  the  formation  of  the  deposits  of  mineral  wealth. 

The  author  considers  nrst  the  continent  of  North  America,  and  the  connection 
of  its  Archiean  rocks  with  its  mineral  wealth.  Using  the  word  '  Archean  '  (so  far 
as  regards  America)  as  including  Logan's  Lauren tian  and  Huronian  systems,,  the 
Archcean  rocks  cover  an  area  of  a£)ut  2,000,000  square  miles  in  Canada  and 
Labrador,  and  Is rge  areas  from  Newfoundland  to  Georgia.  They  form  the 
basis  of  the  chief  mountain  ranges,  and  occur  in  many  isolated  parts  of  the  con- 
tinents. The  Huronian  rocks  are  characterised  by  vast  beds  of  iron  ore,  of  which 
the  most  noted  are  those  of  the  Marquette  district  of  Lake  Superior,  where  tha  - 
haematite  is  closely  associated  with  jasper  and  intermingled  with  quartzite,  chert, 
gneiss,  and  diorit^,  as  it  is  also  in  the  Menominee  district  and  in  the  Vermilion 
Lake  district.  The  origin  of  these  deposits  has  been  a  matter  of  great  controversy. 
In  New  York  are  extensive  beds  of  magnetite  ore,  as  well  as  in  the  Adirondack 
region  and  in  VirginiAAnd  North  (krolina. 

Titaniferous  magnetite  ore,  occurring  in  labradorite  rooks  ih  Canada  and  the 
Adirondacks,  is  also  of  mudi  scientific  interest,  and  seems  to  favour  tiie  hypothesia 
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that  these  ores  in  Archasan  rocks  have  their  origla  from  the  molten  magma 
beneath. 

Other  ores  found  in  the  Archaean  rocks  are  galena,  copper,  gold  and  silver,  tin, 
nickel,  platinum,  and  aluminium. 

Turning  to  South  Africa,  we  Bnd  a  similar  basal  complex  of  granites,  gneisses, 
and  schists,  showing  some  evidences  of  having  been  subjected  to  great  dynamic 
forces,  throughout  British  Bechuanaland,  the  Transvaal,  Rhodesia,  and  Natal. 

Crystalline  and  metamorphic  schists  occurring  in  patches  or  as  bands  in  the 
granite  constitute  the  chief  source  of  mineral  deposits.  In  Rhodesia  the  field 
extends  over  about  42,000  square  miles.  Messrs.  Chalmers  and  Hatch,  in  a  paper  in 
ld})o,  dealt  with  this  r^on,  and  came  to  the  conclusion  that  the  auriferous  schists 
were  formed  from  dolerite  intrusions  through  fissures  formed  by  the  folding  of  the 
granitic  crust.  The  author's  observations  lead  him  to  the  same  conclusion  as 
regards  some  of  the  auriferous  schists  in  the  Transvaal,  and  a  number  of  slides 
cut  from  these  schists  bear  evidence  to  the  correctness  of  this  opinion. 

The  author  concludes  that  there  exists  in  South  Africa  a  far  higher  develop- 
ment of  Archiean  rocks  than  is  probably  to  be  found  elsewhere,  which  provide 
an  immense  field  for  most  interesting  research,  though,  unfortunately,  over  large 
areas  the  ancient  series  are  so  covered  with  younger  formations  of  sandstone  as  to 
make  a  thorough  investigation  of  them  impossible. 


Digitized  by 


Google 


412  RBPORT— 1903. 


Sbction  D.— zoology. 
Pbrsident  of  the  Section — G.  A.  Boulsnqbr,  F.B.S. 


CAPE  TOWN. 
WEDNESDAY,  AUGUST  16. 
The  President  delivered  the  following  Address : — 

The  Distribution  of  African  Fresh-ivater  Fislies. 

I  THINK  I  may  ascribe  the  honour  of  having  been  chosen  to  preside  over  this 
Section  to  the  fact  that  I  have  specially  applied  myself  to  the  study  of  a  large 
class  of  the  animals  of  the  part  of  the  world  in  which  we  are  for  the  first  time 
assembled.  The  subject  of  the  Address  which  it  is  the  custom  to  deliver  on 
such  an  occasion  wfis  therefore  not  difficult  to  choose— a  general  survey  of  the 
African  fresh-water  fishes  from  the  point  of  view  of  their  distribution. 

It  has  repeatedly  been  pointed  out  that  no  division  of  the  world  can  answer 
for  all  groups  of  animals,  differences  due  to  the  period  at  which  they  appeared 
and  to  their  ability  or  inability  to  spread  over  obstacles,  whether  of  land  or 
water,  precluding  any  attempt  to  mane  their  present  distribution  fit  into  the 
frames  of  the  general  zoo-geographer.  The  great  divisions  of  the  earth,  as  out- 
lined by  our  eminent  Vice-Presiaent,  Dr.  Sclater,  nearly  half  a  century  ago,  and 
based  mainly  on  a  study  of  passerine  birds,  have  therefore  varied  consiaerably 
according  to  the  standpoint  ot  the  many  workers  who  have  followed  in  his  foot- 
steps. Fresh-water  bony  fishes  particularly  lend  themselves  to  a  uniform  treat- 
ment, their  principal  groups  having  sprung  up,  so  far  as  palseontological  data 
teach  us,  about  the  same  period  in  the  nistorv  of  the  earth,  and  branched  oft'  in 
many  directions  within  a,  geologically  speaking,  brief  lapse  of  time,  most  of 
them,  besides,  being  regulated  in  their  distribution  by  the  water-systems.  How 
greatly  their  distribution  difiers  from  that  of  terrestrial  animals  has  long  ago 
been  emphasised.  Thus,  latitudinal  range,  so  striking  in  many  African  reptiles, 
does  not  exist  in  fishes :  the  key  to  their  mode  of  dispersal  is,  with  few  exceptions, 
to  be  found  in  the  hydro^phy  of  the  continent;  and,  as  first  shown  by 
Dr.  Sauvage,  latitude  and  climate,  excepting  of  course  very  great  altitudes,  are 
inconsiderable  factors,  the  fish-fauna  ot  a  country  deriving  its  character  from 
the  head  waters  of  the  rlver^system  which  flows  through  it.  In  this  way,  for 
instance,  the  Lower  Nile  ia  inhabited  by  fishes  bearing  a  close  resemblance  to, 
or  even  specifically  identical  with,  those  of  Tropical  Africa,  and  strikingly  con- 
trasting in  character  with  the  land-fauna  on  its  banks.  Such  being  the  case,  it 
seems  at  first  as  if  the  geographical  divisions  of  the  fish-fauna  were  a  matter 
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of  extreme  simplicity^  and  that  a  knowledge  of  the  river-systems  ought  to  suffice 
for  tracing  areas  which  shall  express  the  state  of  things.  But  we  [must  bear 
in  mind  the  movements  which  have  taken  place  on  the  surface  of  the  earth,  and 
owing  to  which  the  conditions  we  find  at  present  may  not  have  existed  within 
comparatively  recent  times;  and  this  is  where  the  systematic  study  of  the  aquatic 
animals  affords  scope  for  conclusions  having  a  direct  hearing  on  the  physical 
geography  of  the  near  past.  To  mention  two  examples,  the  fishes  of  the  Nile 
show  so  many  specific  types  in  common  with  those  of  the  SenM^al-Niger,  now 
more  or  less  completely  separated  by  the  Chad  basin,  that  we  ielt  justified  in 
postulating  a  recent  communication  between  these  water-systems,  which  has 
been  fully  confirmed  by  the  study  of  the  Lake  Chad  fishes ;  whilst,  on  the  other 
hand,  the  greater  difference  between  the  fishes  of  the  Nile  and  those  of  the 
Congo  basin,  the  waters  of  which  interlock  at  present  in  such  a  way  that  it  is 
believed  possible,  at  certain  seasons,  for  a  man  in  a  boat  to  pass  from  the  one 
into  the  other,  points  to  the  existence,  until  very  recently,  of  a  more  effective 
separation.  Such  problems  are  of  the  greatest  interest,  and  a  more  exact 
knowledge  of  the  fisnes  will  help  towards  their  solution. 

There  is  another  aspect  of  the  question  of  geo^phical  distribution  which 
has  assumed  special  importance  of  late,  especially  in  the  writings  of  Professor 
Osbom,  Mr.  Lydekker,  and  Dr.  Scharff,  and  of  which  Dr.  A.  E.  Ortmann's  paper 
on  the  distribution  of  Decapod  Crustaceans,  published  three  years  ago,  may  be 
taken  as  an  example.  One  of  the  conclusions  formulated  therein  is  that  *  any 
division  of  the  earth's  surface  into  xoo-geo^phical  regions  which  starts  exclu- 
sively from  the  present  distribution  of  animals  without  oonsiderinff  its  origin 
must  be  unsatisfftctory.'  But  in  certain  ffrou])S  of  animals,  possibly  in  most,  the 
question  of  their  origin  is  not  easily  settled ;  in  the  case  of  (he  African  firesh^ 
water  fishes,  for  instance,  we  sadly  lack  all  direct  palseontological  data,  such  as 
have  sprung  up  lately  in  marvellous  profusion  in  the  case  of  the  mammals,  and 
notwithstanding  the  great  progress  m  our  knowledge  of  the  changes  that  have 
taken  place  in  the  configuration  of  the  world  in  Secondary  and  Tertiary  times, 
which  nas  been  conveyed  to  a  wide  circle  of  readers  chiefly  through  the  luminous 
works  of  Neumayr,  Suess,  and  de  Lapparent,  tliere  is  still  much  that  is  open 
to  discussion.  It  must  be  admitted— and  it  is  well  to  draw  special  attention  to 
this  point— that  Dr.  Ortmann's  majMB  of  the  land-areas  in  past  periods,  which 
render  his  suggestive  paper  so  attractive,  cannot  be  accepted  as  the  expression  of 
well-establish^  geological  facts,  and  are,  in  some  respects,  gravely  misleading. 
If  I  have  attempted  to  deal  with  this  subject  on  the  lines  laid  down  by  Dr. 
Ortmann,  whilst  realising  the  want  of  many  necessary  data,  palaeontological  and 
geological,  on  which  to  base  conclusions,  it  is  with  a  due  sense  of  humility, 
being  fully  aw^are  that  the  suggestions  now  offered  must  be  regarded  as  mere 
speculations. 

The  time  has  come  for  a  stock-taking  of  our  immensely  increased  material,  the 
previous  accounts  of  the  distribution  of  African  fishes  given  by  Dambeck  in 
1879,  by  Giinther  and  by  Sauvage  in  1880,  and  by  Palacky  in  1895,  no  longer 
answering,  even  approximately,  to  our  present  knowledge,  as  may  be  seen  by 
comparing  the  lists  given  by  these  authors  with  the  one  I  have  quite  recently 
pubfishea  in  the  *  Annals  and  Magazine  of  Natural  History '  as  a  oasis  for  the 
sketch  here  attempted. 

How  little  we  knew  of  the  fresh-water  fishes  of  Africa  when  the  subject  was 
dealt  with  by  the  above-named  authors  is  exemplified  by  the  enormous  number 
of  genera  and  species  which  have  been  discovered  wiUiin  the  last  few  years, 
thanks  chiefly  to  the  enlightened  activity  of  the  Governments  of  Egypt  and  the 
Congo  Free  State,  and  to  the  initiative  of  Professor  Ilav  Lankester  in  organising 
explorations  of  the  great  lakes  of  Central  Africa.  The  waters  of  the  French 
Congo  and  Cameroon,  the  Niger,  Abyssinia,  and  the  interior  of  East  Africa,  have 
also  yielded  a  large  number  of  novelties ;  even  the  Nile,  comparatively  so  well 
known,  has  been  productive  of  many  and  remarkable  additions  to  our  knowledge. 
The  importance  of  a  better  acquaintance  with  the  fishes  of  the  Lower  Nile,  a 
district  beUeved  to  have  been  particularly  well  explored,  can  be  measured  by 
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comparing  the  present  data  with  those  to  which  Professor  Gregory,  on  the  faith 
of  Dr.  Giinther's  list,  appealed  to  justify  his  theory  of  a  direct  connection  in  the 
past  of  the  Upper  Nile  with  the  Jordan  through  a  river  flowing  along  what  is 
now  the  Red  8ea.     To  this  question  we  shall  revert  presently. 

Whilst  the  exploration  of  rivers  and  lakes  has  resulted  in  such  a  rich  harvest, 
it  remiuns  a  matter  for  serious  regret  that  we  should  still  be  without  any 
information  as  to  the  precursors  of  the  African  fishes.  In  spite  of  diligent  seaicL 
over  a  considerable  portion  of  the  great  continent,  no  remains  oi  any  poet- 
Triassic  fishes  have  yet  been  discovered  in  Tro^iical  and  South  Africa,  and  our 
acquaintance  with  Tertiary  Teleosts  generallv  is  still  almost  as  scanty  and 
fragmentary  as  it  was  twenty  years  ago,  although  much  has  been  done  by  Dr.  Smith 
Woodward  in  elucidating  the  affinities  of  such  remains  as  have  been  exhumed. 
Under  the  circumstances  we  have  to  fall  back  on  our  imagination  to  explain  the 
origin  of  the  most  important  groups  characteristic  of  the  present  African  fish- 
fauna,  and  much  hazardous  speculation  has  been  indulged  in.  Thus,  without 
any  sort  of  evidence,  the  Cichlid  Perches  of  Airica  have  been  supposed  to 
emanate  from  ancestors  inhabiting  hypothetical  Jurassic  or  Cretaceous  seas  ex- 
tending over  Central  Africa,  whilst  connecting  land  areas  have  been  too  freely 
postulated  to  account  for  the  resemblance  between  the  fishes  of  Africa  and 
Tropical  America,  and  antarctic  continents  devised  to  explain  the  presence  of 
Galcurias  in  South  Africa.  To  these  sug^stions  I  shall  refer  further  on  when 
dealing  with  the  distribution  of  the  families  to  which  they  were  intended  to 
apply.  Although  it  is  highly  desirable  that  zoologists  should  base  their  theories 
of  geographical  distribution  unon  geological  data,  I  think  we  must  regret  the 
growing  tendency  to  appeal  to  rormer  extensions  of  land  or  sea  without  sufficient 
evidence,  or  even  contrary  to  evidence,  in  order  to  explain  away  the  riddles  that 
offer  themselves. 

Twenty-five  years  ago  a  list  of  the  African  fresh-water  fishes  would  have  in- 
cluded the  names  of  about  860  species  (Giinther  gave  the  number  as  256  only), 
some  fifty  of  which  have  since  lapsed  into  the  synonymy,  whilst  at  the  present  clay 
we  are  acquainted  with  976  species,  referable  to  185  genera  and  forty-three  families. 
Of  the  latter  five  were  then  unknown,  or  unknown  to  have  representatives  in  thin 
part  of  the  world.  The  forty-three  families  are  here  enumerated,  with  an  indication 
of  the  number  of  genera  and  species  according  to  the  most  recent  census : — 


OHONDROPTERYGII. 

FLAaiOSTOHI. 

1.  Carcharildae,  1,  1. 

2.  PrlBtidre,  1,  1. 

CROSSOPTERYGII. 
Cladistia. 

3.  Polypteridae,  2.  U. 

DIPNBUSTI. 

4.  Lepidosirenidse,  1,  3. 

TELKOSTKI. 

MALACOPTBEYail. 

6.  EIopidaB,  2,  3. 

6.  Mormyridae,  11,  108. 

7.  Notopteridaj,  2,  2. 

8.  Osteoglossidae,  1,  1. 

9.  Pantodontidae,  1,  1. 

10.  PhractolBsmldse,  1,  1. 

11.  Clupeidae,  6.  7. 

12.  Salmoaidffi,  1,  1. 

13.  Cromeriidis,  1,1. 


OSTABIOPHYST. 

14.  Characinid^,  20,  93. 

15.  Cvprinidffi,  12,  202. 

16.  Siluridae,  37,  187. 

Apodes. 

17.  Anguillidffi,  1,  6» 

Haplomi. 

18.  GalaxlidsB,  1,2. 

19.  Kneriidas,  1,  2. 

20.  Cyprinodontidse,  6,  39. 

Catostbomi. 

21.  Gastrosteidffi,  1,  1. 

22.  Syngnathidad,  2,  3. 

Pbrcesocbs. 

23.  Scombresocidas,  1, 1. 

24.  Atherinidae,  2,  3. 

25.  Mogilids,  2,  13. 

26.  Polynemida3,  3,  3, 

27.  Sphyraenidae,  1,  1. 

28.  OphiocephalidiB,  1,  3. 

29.  Anabantidae,  1,  IfA  t 
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A  CANTH0PTBRY6II. 

30.  Centrarchidse,  1,  3. 

31.  Nandidae,  1,1. 

32.  Serranidas,  6»  8. 

33.  ^ciffiDide,  ],  1. 

34.  Pri&tipomatida3,  2,  2. 

35.  Sparidsa,  1,  1. 

36.  ScorpididsB,  1,  3. 

37.  OsphromemdsB,  1,  I. 

38.  Cichlidaa,  30,  179. 


39.  Plenronectidss,  2,  2. 

40.  Gobiidas,  2,  31. 

41.  lUenniidaB,  3,  3. 

Opisthomi. 

42.  Mastacembelidae,  1,  23. 

Plbctoonathi. 

43.  Tetrodontidae,  1,  4^ 


In  discussing  the  distribution  of  the  fresh-wat«r  fishes  it  is  necessary  to  divide 
them  into  four  principal  categories : — 

1.  Those  living  part  of  the  year  in  the  sea.  This  category  is  again  subdivided 
into  anadromous  forms,  breeding  in  fresh  water  (ex.  some  Clupea),  and  catadromous 
forms,  breeding  in  salt  water  (ex.  Anffuilla), 

2.  Those  living  normally  in  the  sea,  but  of  which  certain  colonies  have  become 
land-locked,  or  have  separated  themselves  from  the  marine  stock  still  represented 
on  the  neighbouring  coast  (ex.  some  Oobiidce  and  Blenniidai), 

3.  Those  which,  although  entirely  confined  to  fresh  waters,  have  as  nearest 
allies  species  living  in  the  sea,  and  which  there  is  reason  to  regard  as  more  or  less 
recently  derived  from  marine  forms  (ex.  GalaaiidcBf  TetrodontidtB), 

4.  Those  belonging  to  families  entirely  (ex.  MormyridtB^  Characimdai)oT  chiefly 
(ex.  SilurideB,  Cyprinodontida)  restricted  to  fresh  waters. 

The  forms  of  the  first  and  second  categories  may  be  entirely  neglected  in  dealing 
with  the  distribution  of  fresh- water  fishes.  Their  range  is  regulated  by  the  sea,  and 
they  must  be  dealt  with  in  conjunction  with  littoral  forms.  Eighty-six  species  in 
the  list  of  African  fresh-water  fishes  belong  to  these  categories. 

The  third  category  is  of  secondary  interest  in  the  history  of  the  fresh-water 
fauna ;  but,  as  in  the  case  of  Oala,nas,  forms  referred  to  it  may  give  rise  to  dis- 
cussion. 

It  is  with  the  members  of  the  fourth  cat^goir  that  we  shall  mainly  deal  in 
the  portion  of  this  Address  which  is  devoted  to  the  origin  and  mode  of  dispersal  of 
the  African  fishes. 

The  Poltptbrid^. — This  is  incontestably  the  most  remarkable  family  of 
African  fishes.  Entirely  restricted  to  Tropical  Africa  and  the  Nile,  without  any 
known  near  allies,  living  or  extinct,  its  history  is  one  of  the  greatest  riddles  in 
ichthyology.  From  the  evolutionary  point  of  view,  no  group  is  of  greater  interest, 
owing  to  its  probable  relation  to  the  Chondroptervgians  or  Elasmobranchs,  to  the 
Osteolepid  Crossopterygians,  out  of  which  the  Lung-fishes  seem  to  have  been 
evolved,  and  to  the  earliest  peutadactyle  vertebrates,  the  Stegocephalous  Batra- 
chians.  Although  generally  brigaded  by*  modem  systematists  with  the  Osteo- 
lepida  in  the  order  Crossopterygii,  it  is  still  doubtful  whether  it  should  not  rank 
as  a  distinct  order,  Cladistia  of  Cope,  the  characters  which  difi^erentiate  it  from 
these  early  Teleostomes  being  perhaps  of  greater  importance  than  those  which 
separate  these  from  the  Dipneusti.  Perhaps  the  embryolo^cal  material  collected 
by  the  lamented  J.  8.  Budgett,  who  sacrificed  his  life  m  his  attempt  to  contribute 
to  the  solution  of  this  great  problem,  will,  when  thoroughly  worked  out  under 
the  direction  of  Professor  Graham  Kerr,  throw  fresh  light  on  the  question.  But  it 
is  rather  to  the  future  discoveries  in  the  field  of  palaeontology  that  we  must  turn  our 
hopes.  At  present  we  know  nothing  on  this  subject,  for  I  need  hardly  remark  that 
Mr.  Moore's  assertion  that  Polypterus  liad  allies  in  the  Jurassic  seas,  and  thus 
came  to  enter  the  lake  which  he  regards  as  peopled  with  the  remains  of  so  ancient 
a  fauna,  is  without  any  foundation,  as  is  also  his  statement  that  Polypterid 
remains  were  discovered  by  Mr.  Drummond  on  the  north-west  shore  of  Lake  Nyassa, 
these  fossils  having  been  determined  by  Dr.  Traquair  as  Palsoniscid  and  allied  to 
if  not  identical  with  Acrolepia,  We  are  at  a  loss  to  find  an  explanation  for  Mr. 
Moore's  statement  that  these  fossils,  <  according  to  Professor  Traquair,  are  similar 
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to,  but  specificallj  distinct  from,  the  existing  African  species.'  Until  we  have 
some  proof  of  the  contrary,  we  are  justi6ed  in  regarding  the  Polypteridae  as  having 
arisen  in  Africa  from  fresh-water  ancestors,  themselves  derived  from  early  Mesozoic 
types  which  are  entirely  h3rpothetical. 

Ths  Lepidosirenid^. — Protoptenis  in  Africa  and  LepiJouren  in  South 
America  are  specialised  modifications  of  the  Ceratodontidaf  still  represented  by 
one  species  in  Australia,  which  have  left  remains  in  Triassic,  Rhaetic,  Jurassic,  and 
Cretaceous  rocks  of  Europe,  North  America,  Patagonia,  North  and  South  Africa, 
India,  and  Australia.  Tne  distribution  of  the  Ceratodontida  has  therefore  been, 
at  different  periods  at  least,  a  world-wide  one,  and  we  should  feel  justified  in 
assuming  the  living  representatives  of  the  LepidosirenidcB  to  have  been  evolved  out 
of  this  family  independently  in  Africa  and  in  South  America.  On  the  other 
hand,  in  view  of  the  old  age  of  the  gn^up,  there  is  no  reason  why  the  Lepidotirenidm 
should  not  have  passed  from  one  of  the  present  continents  into  the  other  when 
they  were  connected  by  land.  As  Protoptems  is  a  less  specialised  type  than 
Lepidosirem,  the  probabilities  would  then  be  that  the  former  originated  in  Africa. 
Mr.  Lydekker,  in  his  '  (Geographical  History  of  Mammals,'  states  his  opinion  that 
Lepidosiren  reached  its  present  habitat  by  way  of  Africa.  The  mode  of  life  of  these 
fishes  renders  them  less  dependent  on  hydrographical  systems,  and  the  distribution 
of  the  species,  which  cannot  yet  be  traced  in  a  satisfactory  manner,  is  evidently  very 
different  from  that  of  other  groups.  In  this  case,  again,  Mr.  Moore  has  appealed 
to  Protoptenis  as  probably  representing,  with  Polypterus  and  most  of  the  CuskUdaf 
the  '  now  scattered  pLscian  portion  of  the  halolimnic  fauna '  of  Tansanvika.  He, 
however,  omits  to  mention  that  this  fish  is  not  known  to  occur  in  the  lake  itself, 
but  is  only  reported  to  be  found  in  some  marshes  in  its  vicinity,  the  species  being 
the  same  as  that  which  extends  northwards  to  the  White  Nile ;  it  should  there- 
fore not  be  included  at  all  among  the  inhabitants  of  Lake  Tanganyika. 

The  Mormtbidje. — This  extraordinary  group,  of  which  so  many  new  and 
remarkable  types  have  been  discovered  within  the  last  few  years,  especially  in 
the  Congo,  is  peculiar  to  the  fresh  waters  of  Tropical  Africa  and  the  Nile.  Its 
morphology  shows  it  to  be  highly  specialised  m>m  some  very  lowly  Teleostean 
ancestor.  This  I  believed  to  be  found  in  the  Albulida,  a  &mily  already  repre- 
sented in  Cretaceous  seas,  and  of  which  one  species  still  occurs  on  the  West 
Coast  of  Africa.  But  Dr.  Hidewood,  who  has  recently  made  a  much  more  careful 
study  of  the  cranial  characters  of  the  two  families,  is  unable  to  support  the 
suggestion  of  a  direct  descent  from  the  Albulida,  It  nevertheless  remains 
probable  that  the  MormyridcB  were  derived  from  forms  more  closely  allied  to  the 
Known  AlbulidtB  than  to  any  other  family  with  which  we  are  acquainted,  and 
which  no  doubt  lived  in  Cretaceous  seas ;  and  we  may  therefore  assume  that 
the  Mormyridae  originated  in  Africa^  and  were  evolved  out  of  Cretaceous  marine 
ancestors. 

The  Notopterida — ^This  is  another  eccentric  family,  having  manj^  points  in 
common  with  the  MormyridcB  and  with  the  North  American  Hyodantida»  It  is 
represented  by  five  species,  three  of  which  live  in  the  Indo-Malay  region  and  two 
in  Tropical  Africa.  Its  derivation  is  still  a  mystery.  The  fact  that  its  most 
specialised  form  {Xenomystus)  is  African,  and  that  a  species  differing  but  little 
from  the  living  Notopterus  occurs  in  fresh-water  deposits  in  Sumatra,  which 
are  regarded  by  some  geologists  as  of  Middle  Eocene  age— although,  as  stated 
further  on  t\  propos  of  the  Cyprinid^,  there  is  reason  for  regarding  them  as 
Miocene,  or  even  later— justifies  us  in  believing,  until  further  palieontological 
evidence  be  available,  that  the  African  forms  are  immigrants  from  the  East. 

The  Osteoglobsid^. — An  archaic  type  of  Teleosteans,  now  represented  by 
two  genera  in  South  America,  by  one  in  Australia  and  the  Malay  ArChipela^, 
and  by  a  fourth  in  Tropical  Airica  and  the  Nile.  Excellently  preserved  foasila 
from  the  Middle  Eocene  of  Wyoming  (JDapedoglostus)  are  most  nearly  allied 
to,  but  more  generalised  than,  the  Australian-Malay  genus ;   it^hilat  the  less 
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Aatisfaciorily  known  British  Lower  Eocene  Brychcetus  appears  nearer  to  the  South 
American  Arapaima,  The  African  genus  Hetavtis  is  the  most  specialised  form, 
llie  Osteofflossidee  are  evidently  an  ancient  group,  now  in  process  of  extinction, 
which  once  had  a  very  wide  distribution.  Tne  fact  of  the  only  known  fossil 
representatives  beinff  from  North  America  and  Europe  does  not  seem  sufficient 
evidence  of  the  nortnern  origin  of  the  family,  as  suggested  by  Mr.  Lydekker. 

PAirroDONTiD-B,  Phractol^mid^,  CBOMEBiiDiE. — Three  monotypic  families 
peculiar  to  Africa.  The  first  bears  a  near  relationship  to  the  Ost^/lossidce,  and 
was  probably  derived  from  them ;  but  the  two  others,  discovered  within  the  last 
few  years,  are  so  aberrant  and  isolated  among  the  Malacopterygians  that  we  are 
absolutely  in  the  dark  as  to  their  possible  origin. 

The  CHARACixiOiB. — This  is  one  of  the  larger  groups  of  African  fislies— 
with  ninety-three  species,  referred  to  twenty  genera,  mostly  from  the  Nile  and 
Tropical  Africa,  as  far  east  as  the  great  lakes,  but  only  very  sparsely  represented 
in  Last  and  South  Africa. 

One  of  the  most  striking  features  of  the  South  American  fresh-water  fish* 
fauna  is  the  extraordinary  number  and  variety  of  forms  of  the  Charadnida, 
unquestionably  one  of  the  most  lowly  and  generalised  groups  of  exclusively 
fresn-water  Teleosts.  There  occur  in  that  part  of  the  world  as  many  as  600 
species  (about  two-fiflhs  of  the  whole  fresh-water  fish-fauna),  divided  among 
some  sixty  genera.  The  carnivorous  forms  predominate,  but  the  herbivorous  or 
semi-herbivorous  are  also  very  numerous.  The  latter  would  evidently  compete 
with  the  Cyprinids,  their  near  but  ^nore  specialised  relatives,  which  are  so 
numerously  represented  in  North  America  ;  and  it  is  a  remarkable  fact  that  not 
a  single  Cyprinid  is  known  to  extend  further  south  than  Guatemala. 

Althougu  palseontology  has  taught  us  nothing  respecting  the  Characinids,  we 
have  reason  to  assume,  from  the  morphological  point  of  view,  that  they  were  the 
precursors  of  the  Cyprinids,  which,  we  know,  were  already  abundantly  repre- 
sented in  North  America  and  Europe  in  Lower  Tertiary  times,  when  the  Isthmus 
of  Panama  was  under  the  sea.  When,  in  the  Miocene,  North  and  South 
America  became  reunited,  the  waters  of  the  latter  part  of  the  world  must  hav6 
been  already  so  fully  stocked  with  Characinids  as  to  prevent  the  southern  spread 
of  the  Cyprinids.  This  is  the  only  explanation  that  can  be  offered  of  the  total 
absence  of  Cyprinids  in  South  America,  considerations  of  climate  being  of  no 
avail  in  view  of  their  distribution  all  over  Africa.  If,  therefore,  the  Characinids 
existed  in  profusion  in  South  America  before  the  Miocene  period,  we  are  justified 
in  claiming  for  them  a  high  antiquity,  and  by  putting  it  at  the  Upper  Cretaceous 
we  need  not  fear  going  too  far  back.  As  it  is  admitted  by  most  geologists  that 
a  continuous  land  communication  probably  existed  across  the  Atlantic  between 
South  America  and  Africa  up  to  the  end  of  the  Upper  Cretaceous  period  (not, 
however,  in  the  position  designed  by  Dr.  Ortmann,  as  is  proved  by  the  recent  dis- 
covery of  Turonian  beds  in  the  French  Soudan,  in  Nigeria,  and  in  Cameroon),  it 
is  legitimate  to  ex])lain  the  distribution  of  the  Characinid€B — Africa  and  Central 
and  South  America — by  such  a  bridge.  This  explanation  tallies  well  with  the 
fact,  pointing  to  a  severance  from  remote  times,  that,  although  the  Characinids 
of  the  old  and  new  worlds  show  near  affinity,  no  single  genus  is  common  to 
both.  The  further  fact  that  the  most  generalised  genera  (En/thrinina)  are  now 
found  in  America  points  to  the  African  forms  having  migrated  from  the  West. 

When,  at  some  time  during  the  later  part  of  the  Cretaceous  period  or  at  the 
dawn  of  the  Eocene,  the  Characinids  reached  Africa,  and  established  themselves 
in  the  western  and  central  waters,  there  were  no  Cyprinids  to  compete  with 
them ;  but  their  spread  to  the  east  was  soon  checked  by  the  invasion  of  tJie 
latter  from  the  north-east ;  further,  by  the  time  they  reached  East  Africa  the 
bridge  to  Madagascar  had  ceased  to  exist. 

On  the  other  hand  it  is  quite  true  that,  as  pointed  out  by  Mr.  Lydekker,  the 
blank  in  the  palteontological  record  can  scarcely  be  taken  as  a  sufficient  indication 
that  the  family  Characinids  has  always  been  a  southern  one.  CjOOqIc 
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The  CiFBiMiDJu — These  fishes,  as  mentioned  above,  are  very  ciosely  retatea 
to  the  preceding,  and  there  is  every  reason  to  believe  the  former  to  be  derived 
from  the  latter.  Their  least  specialised  genera  {Gatastomince)  are  now  found  in 
North  and  Central  America  (about  sixty  species),  whilst  three  species,  referable  to 
the  same  genera,  inhabit  Eastern  Siberia  and  China.  These  Catostomina  are  known 
to  have  had  representatives  in  the  Eocene  of  North  America,  whilst  the  more 
specialised  Cyprininee^  which  constitute  the  great  bulk  of  the  family  both  in  the 
new  world  and  in  the  old,  have  left  remains  in  the  Oligocene  and  later  beds  in 
North  America  and  Europe.  It  is,  tlierefore,  highly  probable  that  the  Cyprinids 
originated  as  a  northern  oifshoot  of  the  South  ana  Central  American  Characinids, 
and  thence  spread  to  Eastern  Asia,  at  least  as  early  as  the  Upper  Eocene.  Bpr  the 
time  (Miocene)  they  had  reached  India,  where  they  now  form  the  great  ma|oritv 
of  the  fresh-water  fishes,  Africa  had  been  connected  with  it  by  a  wide  belt  of  land, 
and  no  obstacle  prevented  their  western  extension.  This  comparatively  recent 
migration  accounts  for  the  practiciJ  identity  of  the  genera  and  the  onen  very 
close  affinitv  of  the  species  of  the  C}f  rinids  of  India  and  Africa.  At  the  same 
period  the  land-area  connecting  India  and  Africa  with  Madagascar  had  dis- 
appeared, and  the  Cyprinids  never  reached  that  great  island,  where  no  doubt  they 
would  have  thriven,  if  we  judge  bv  the  results  of  the  introduction  by  man  of  the 
gold  fish,  said  to  be  in  process  of  strongly  reducing  the  numbers  of  the  native 
Malagassy  fresh-water  fishes  with  which  it  is  in  a  position  to  compete.  CJom- 
petition  is  always  an  important  factor  in  the  distribution  of  a  group  of  animals, 
and  the  confinement  of  the  Characinids  to  the  waters  of  the  western  and  central 
parts  of  Africa  at  the  time  of  the  immigration  of  the  Cyprinids  from  the  east 
must  be  the  explanation  of  the  comparative  abundance  of  the  latter  and  the  scarcity 
of  the  former  in  those  parts  of  the  continent  east  of  the  Rift  Valley  which  are 
not  drained  by  rivers  flowing  from  the  central  parts.  The  Cyprinids  must  have 
spread  more  rapidly  than  the  Characinids,  and  being  also  less  partial  to  heat  they 
have  thriven  in  the  waters  of  South  Africa,  where  at  present  only  two  species  of 
Characinids — both  carnivorous  forms — are  known  to  extend  south  of  the  Zambesi 
system.  Of  the  202  species  recorded  from  Africa  thirteen  are  found  in  North- 
West  Africa,  sixty-three  in  East  Africa  (exclusive  of  the  Zambesi),  and  twenty- 
one  in  South  Africa. 

The  Silttbid^. — ^This  large  family  is  almost  cosmopolitan  in  tropical  and 
warm  regions;  and  although  the  great  bulk  of  the  species  are  restricted  to  fresh 
waters,  a  certain  number  (chiefly  of  the  sub-family  Arittue)  occur  on  the  coasts 
and  in  the  estuaries.  Morphologically  these  fishes  are  so  closely  allied  to  the 
Characiuidffi  and  Cyprinidie  that  we  must  assume  them  to  have  been  evolved  from 
a  common  ancestral  stock,  probably  in  Cretaceous  times  j  but  connecting  forms 
such  as  we  should  expect  to  find  in  deposits  of  that  age  are  still  unknown.  The 
Silurids  appear  in  the  Lower  Eocene  estuarine  beds  of  England  and  France,  as  forms 
closely  related  to  the  living  Ariirue  and  Bagrina:^  and  nirther  allied  forms  follow 
in  the  Middle  Eocene  of  various  parts  of  Europe  and  North  America.  In  the 
Upper  Eocene  of  Lower  Egypt  estuarine  deposits  contain  well-preserved  remains 
orforms  which  appear  to  be  only  specifically  separable  from  the  Bagrus  still  living 
in  the  Nile. 

The  general  distribution  of  these  fishes  was,  therefore,  in  early  Tertiary  times 
very  much  the  same  as  it  is  at  present,  and  palaeontology  offers  us  no  due  as  to 
where  they  originated.  The  most  generalised  Silurid  known  at  present  (Diplomyt- 
tuft^  is  now  living  in  South  America.  The  resemblance  between  certain  African 
and  South  American  genera  placed  together  under  the  sub-family  DorarlinsB  might 
suggest  a  former  communication  between  these  parts  of  the  world;  but  we 
must  bear  in  mind  that  the  same  sub-family  is  also  represented  in  South-Eastem 
Asia,  and  as  far  back  in  time  ns  the  Mioceno  i^Bagarius  gigas),  Leriche,  who 
has  recently  reviewed  our  knowledge  of  the  fossil  Silurida,  follows  Verbeck  in 
regarding  the  Padang  lignites  whence  Giinther  described  this  Bagarius  and  other 
fresh-water  fishes  as  Middle  Eocene ;  but  at  that  time,  according  to  de  Lapparent, 
Sumatra  was  entirely  under  the  sea;  and  Dr.  Smith  Woodward  agrees  with  me 
in  thinking  lh»t  the  beds  in  question  must  be  more  recent  than  Eocene. 
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f  he  exclusivdjr  fi^sh-water  Silurids  n(r#  found  in  Africa  Are  all  getterieaUy 
distinct  from  the  South  American  forms,  whilst  the  West  African  species  that 
enter  the  sea  belong  to  the  same  genus  (Ariiu).  This  consideration  seems  to  me 
o  speak  against  any  continental  extension  across  the  Atlantic  later  than  the 
earhest  Tertiary  times,  and  so  doei  the  fact  that  the  Middle  Eocene  forms  found 
in  Egypt,  and  recently  described  by  Dr.  Stromer,  differ  so  little  from  their  existine 
representatives,  Bagrua  and  allies.  On  the  assumption  of  a  late  Eocene  or  Miocene 
Atlantic,  we  shoidd  expect  to  find  a  much  closer  relationship  between  the 
American  and  African  ^trictly  fresh-water  fishes  than  exist*  at  the  present  day 
whereas  only  those  forms  that  are  known  to  enter  the  sea  are  generically  identical 
in  those  two  parts  of  the  world. 

The  two  exclusively  fresh-water  Silurids  found  in  Madagascar  show  closer 
affinity  with  the  African  than  with  the  Indian  forms,  and  may  have  immigrated 
from  Africa  in  the  early  Tertiary  times  through  the  bridge  which  then  existed 
unless  they  have  been  derived  from  marine  types,  which  is  quite  possible.  ' 

Thb  QALAxnD^.— Two  small  fishes  originally  described  by  F.  de  Castelnau  as 
Loaches,  and  now  referred  to  Qalaxias,  occur  on  the  flats  near  Oape  Town  and  in 
the  Lorenz  River,  some  twelve  miles  from  its  mouth  in  False  Bay.  They  are  of 
special  interest  as  belonging  to  a  family  and  genus  long  believed  to  be  exclusively 
confined  to  fresh  waters  and  characteristic  of  the  extreme  south  of  America.  New 
Zealand,  and  Southern  Australia.  After  Dr.  Steindachner  had  first  recognised 
the  true  afiinities  of  the  Cape  species,  Professor  Max  Weber  was  inclined  to  regard 
this  interestinjr  discovery  as  affording  a  new  argument  in  favour  of  the  past 
antarctic  contment  on  which  so  much  has  been  written.  But  Dr.  Wallace  was 
nearer  the  truth  when  he  suggested  that  a  land  connection  within  the  period  of 
existence  of  one  species  of  fish,  viz.,  Galaxias  attenuatiis,  known  from  Chili 
Patagonia,  Tierra  del  Fuego,  the  Falkland  Islands^  New  Zealand,  and  Southern 
Australia,  would  have  l^  to  much  more  numerous  and  important  cases  of 
similarity  of  natural  productions  than  we  actually  find,  and  that  we  must  rather 
look  to  the  transport  of  the  ova  across  the  southern  sea  to  explain  this  very 
remarkable  distribution.  A  better  acquaintance  with  the  Galaxias  has  confirmed 
Dr.  Wallace's  supposition,  as  it  is  now  an  established  fact  that  some  species  live 
in  the  sea.  G,  attenuatua  has  been  observed  in  the  Falkland  Islands  and  in  New 
Zealand  to  descend  periodically  to  the  sea  for  the  purpose  of  spawning.  No 
doubt  the  early  Galaxias  lived  in  the  sea,  and  the  Cape  species,  like  many  others 
only  afford  exampLs  of  ori.inally  marine  forms  havmg  settled  in  fresh  waters! 
Curiously,  at  the  other  extremity  of  Africa  the  same  thing  has  happened  in  the 
case  of  several  small  fishes  pertaining  to  three  different  families— the  Gobiida 
the  BlenniicUSf  and  the  SyngnathicUs — to  say  nothing  of  such  types  as  the  Trout 
and  the  Stickleback,  the  presence  of  which  in  Algeria,  were  it  not  proved  that  land 
communication  between  Southern  Europe  and  North- West  Africa  existed  up  to 
very  recent  times,  could  be  accounted  for  by  a  direct  marine  ancestry,  as  shown 
by  their  nearest  relations. 

As  the  early  Tertiary  *  Antarctica,'  as  designed  by  Professor  H.  F.  Osbom 
does  not  involve  South  Africa,  the  presence  of  species  of  Galaxias  at  the  Cape 
cannot,  even  on  that  hypothesis  of  continental  extension,  be  explained  except  on 
the  assumption  of  their  marine  origin. 

The  Knebiid^.— a  monotypic  family  with  two  species,  one  fit)m  Angola 
the  other  from  East  Africa.  These  little  fishes  are  related  to  the  Pikes,  Esocidce  • 
and  there  is  no  reason  that  I  can  see  against  their  beingpossibly  derived  from  them* 
in  which  case  they  would  be  of  northern  origin,  the  Hsociday  now  confined  to  the 
northern  hemisphere,  being  known  from  fresh-water  deposits  in  Europe  as  far 
back  as  the  Oligocene. 

Thk  CYPRTN0D0NTiD^.--The  members  of  this  large  family  are  mostly  Central 
and  South  American.  They  are  comparatively  few  m  Africa,  but  have  represen- 
tatives in  every  part,  and  also  in  Madagascar  and  the  other  islands  of  the  Indian 
Ocean.     Although  principally  restricted  to  fresh  waters,  not  a  few  species  are 


420  REPORT— 1908. 

known  to  live  in  brackish  water,  whibt  examples  are  known  of  their  dciinrring 
far  out  at  sea.  Under  these  circumstances  the  wide  range  of  the  principal  African 
genera — Ot/prinodon,  S.  Europe,  S.W.  Asia,  N.  Africa,  North  and  South 
America,  ffaplochilus,  Africa,  S.  Asia,  Japan,  North  and  South  America,  and 
FkifUkUuB,  S.  EuroDe,  Africa,  North  and  South  America — is  not  surprising, 
Cyprmodon  is  probably  an  immigrant  from  the  North — where  its  close  alljPy^ 
lebi€i9  was  abundantly  represented  in  the  Oligocene  and  Miocene  of  Europe-^ 
whilst  Fundulus  and  Haplochilus  may  have  reached  Africa  by  the  sea. 

The  OpHiOGBPHALiDiE  AND  Anabavtib^. — Unknown  fossil,  and  now  restricted 
to  Africa  and  South-Eastern  Asia,  we  have  no  means  of  telling  in  what  part  of 
the  world  these  two  closely  allied  families  originated.  The  AnabantidUe  are  mors 
numerous  in  species,  and  these  are  of  a  more  generalised  type,  in  Africa  than  in 

Asia. 

Thk  Nandid-e. — The  recent  discovery  of  Polycentrojms  in  the  Lower  NigtT 
has  added  a  genus  to  a  small  family  preyiously  known  to  be  represented  by  three 
genera  in  South-Eastern  Asia  and  by  two  in  the  nortbern  parts  of  South  America. 
The  latter  are  more  nearly  related  to  the  African  genus  than  the  former.  Too 
little  is  known  of  the  habits  of  these  fishes  to  decide  whether  the  hypothesis  of 
a  mig^tion  across  the  Atlantic,  in  the  days  when  a  shallow  area  with  a  string  of 
islands  connected  the  old  world  and  the  new,  answers  for  their  distribution. 
Their  systematic  position— specialised  Perciformes— is  against  the  assumption  of 
their  baring  existed  in  Cretaceous  or  early  Eocene  times.  No  fossil  forms  are 
known. 

The  OsPHBOMBNiDiE. — ^The  only  African  representative,  the  genus  Micracan" 
thuSf  with  a  single  species  in  the  Ogowe,  is  hardly  separable  from  the  genus  Betta^ 
which,  with  six  other  genera,  is  characteristic  of  the  Indo-Malay  region  and  China. 
PaloBontology  giyes  no  information  on  the  earlier  distribution  of  these  highly 
specialised  Bshes.  That  a  type  so  well  organised  for  adapting  itself  to  all  sorts  of 
waters,  and  so  ready  to  acclimatise  itself  in  any  part  of  the  tropical  or  sub- 
tropical countries  where  it  has  been  transported  by  man,  should  have  so  restricted 
a  range  seems  remarkable.  Were  it  not  for  the  existence  of  this  African  form, 
far  away  from  the  other  members  of  the  family,  one  might  have  felt  inclined  to 
look  upon  the  Osphromenidsc  as  a  very  recent  group,  which  has  not  had  time  to 
spread  far  from  its  original  centre  in  South- Western  Asia. 

Tkb  C1CHLID.E. — As  regards  the  number  of  species  (179)  this  family  ranks 
next  to  the  Cyprinid/c  (202)  and  the  Siluridee  (187)  in  the  African  fresh-water 
fish-fauna,  and,  like  these,  it  has  representatives  nearly  all  over  the  great  conti- 
nent.  Although  Cichlids  may  thrive  in  inland  waters  of  considerable  salinity, 
they  are  not  known  to  have  ever  been  found  in  the  sea,  even  near  the  mouths  of 
rivers.  The  facility  with  which  they  establish  themselves  in  isolated  waters, 
often  untenanted  by  other  fishes,  such  as  wells  in  the  Sahara,  salt-water  pools  in 
the  interior  of  East  Africa,  kCy  has  long  been  known,  but  by  what  agency  this  has 
been  efiected  remains  unexplained.  Quite  recently  Dr.  Lonnberg  has  reported  on 
the  exploration  of  a  small  isolated  lake  of  volcanic  origin  on  the  Cameroon 
mountain,  a  lake  200  feet  above  sea-level,  without  any  outlet,  and  situated  about 
twelve  miles  from  the  nearest  river  and  twice  as  far  from  the  sea-shore.  .This 
lake  was  found  to  have  a  fish-fauna  consisting  exclusively  of  Cichlids,  belonging 
to  three  genera  and  five  species,  two  of  which  nave  been  aescribed  as  new. 

Tho  great  bulk  of  the  family  inhabits  Afric!i|  including  MadagalBcar,  and 
Americn,  from  Texas  to  Montevideo;  the  number  of  generic  types  is  greater, 
althoiigU  the  species  are  only  slightly  in  excess,  in  the  former  than  in  the  latter 
part  of  the  world.  »Seven  species  inhabit  Syria,  three  of  these  being  also  found  in 
the  NiU*,  and  thre^  are  known  from  India  and  Ceylon.  The  American  and  Indian 
genera  are  all  distinct  from  the  African.  A  great  number  of  species  ^fifty-five), 
all  but  one  endemic,  inhabit  Lake  Tanganyika,  of  which  they  form  a  little  over 
two-thirds  of  the  fish-fauna ;  and  many  of  these  species  belong  to  distinct  genera^ 
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showing  Bpecialuiatioii  to  a  remarkable  degree.  Out  of  thirty  recognised  genera 
of  African  Gichlids,  as  many  as  fifteen  are  believed  to  be  peculiar  to  Tangan^^a. 
Lake  Nyassa,  with  tie  Upper  Sbir4,  possesses  also  some  remarkable  endemic 
genera ;  but  they  are  only  four  in  number,  and  the  number  of  species  recorded  up 
to  the  present  does  not  exceed  twenty-two.  The  rest  of  the  species  are  mostly 
from  West  Africa  and  the  Congo  basin ;  but  a  few,  referable  to  the  two  most 
widely  sj^read  genera,  are  found  in  East  and  South  Africa.  Madagascar  has  only 
four  species,  two  belonging  to  an  endemic  genus,  whilst  each  of  the  two  others 
is  referred  to  a  widely  distributed  African  and  Syrian  genus. 

No  fossils  are  knovivi  that  agree  closely  with  any  of  the  recent  genera,  but  a 
type  of  Perciforms,  described  by  Cope  as  ^iscacara^  from  Middle  Eocene  fresh- 
water beds  in  North  America,  presents  all  the  characters  which  we  should 
expect  to  find  in  the  direct  ancestors  of  the  modern  Ciohlids,  difiering  from  the 
living  forms  in  the  presence  of  vomerine  teeth,  a  serrated  prse-operculum,  and 
apparently  eight  branchioetegal  rays.  It  has  twenty-four  vertebrsB,  a  number 
lower  than  is  found  in  most  of  the  recent  genera ;  and  this  indication  is  of  import- 
ance for  reasons  that  must  be  explained  somewhat  fully. 

The  lower  Teleosteans  (Malacopterygii  and  Ostariophysi,  often  united  under 
the  term  'Physostomi')  mostly  have  a  high  number  or  vertebrcB;  but  when  we 
pass  on  to  the  higher  Acanthopterygii,  we  find  very  frequently,  among  most 
diverse  families,  the  number  reduced  to  twenty-four.  That  this  number  should 
occur  with  such  frequency  has  struck  many  ichthyologists  since  Dr.  GUnther 
first  drew  attention  to  it,  over  forty  years  ago,  pointing  out  at  the  same  time 
that  in  the  Labrida  this  number  is  almost  constant  in  the  tropical  genera,  whilst 
those  genera  which  are  cbiefiy  confined  to  the  temperate  seas  of  the  northern  and 
southern  hemispheres  have  an  increased  number.  It  has  since  been  shown  by 
Dr.  Qill  and  by  Professor  Jordan  that  this  generalisation  holds  true  of  several 
other  families  of  Acanthopterygians,  and  the  latter  authority,  when  discussing  the 
subject  at  some  length,  came  to  the  opinion  that  the  state  of  things  could  be  ex- 
plained, from  an  evolutionary  point  of^view,  on  the  assumption  that  competition 
among  various  marine  fishes  being  greater  within  the  tropics  has  resulted  in 
greater  specialisation,  by  which  the  originally  high  number  of  vertebr»  has  been 
reduced.  It  is  diflUcult,  however,  on  this  assumption  to  account  for  the  fact  that 
in  so  many  cases  the  reduction  should  have  resulted  in  the  number  twenty-four — 
neither  one  more  nor  one  less — and  this  repeated  in  many  families  belonging  to  the 
same  sub-order  but  otherwise  only  remotely  related  to  one  another.  Three  years 
ago,  when  dealing  with  the  afiinities  of  the  Flat-fishes,  Pleuronectid<By  I  was 
struck  by  the  discovery  that,  in  the  un^questionably  least  specialised  genus, 
Ptettodes,  the  vertebr©  are  twenty-four  in  number,  the  other  known  genera 
having  from  twenty-eight  to  sixty-five,  and  that  the  numbers  increased  along  the 
.  most  probable  lines  of  evolution.  A  consideration  of  other  families,  and  of  the 
fossil  forms  in  which  the  number  of  vertebrae  has  been  ascertained,  soon  con- 
vinced me  that  this  rule  also  applies  to  them,  and  that  the  order  of  evolution  had 
in  every  case  to  be  reversed  from  that  assumed  by  Professor  Jordan,  whose  inter- 
pretation I  had  previously  accepted  as  correct.  As  a  result  of  mv  investigation  into 
this  question  I  believe  that  the  frequent  occurrence  of  twenty-four  vertebne  is  due 
to  the  original  Acanthopterygians  naving  presented  this  number,  that  it  has  been 
retained  in  the  more  generalised  members  of  the  families  which  have  branched  off 
from  them,  and  increased  or,  more  seldom,  reduced  in  the  course  of  evolution. 
This  opinion  is  supported  by  the  available  paUeontological  data,  several  of  the 
Cretaceous  Beryctd^s  {Beryx,  Hoploptery.v\  the  earliest  Acanthopterygians, 
having  twenty-four  vertebrae,  and  the  same  number  occurs  in  the  Cretaceous 
Scorpididte ;  Prolates,  the  earliest  true  Perciform,  from  the  lowermost  Eocene 
beds,  formerly  ranked  as  Upper  Cretaceous,  has  the  same  number.  Several  other 
families  afford  good  support  to  this  theory :  In  the  Echeiieididte^  the  Eocene 
Ojnsthomyzon  has  twenty-four  vertebrae,  the  living  Echeneis  twenty-seven  to 
thirty ;  again,  the  earliest  known  Cottid,  the  Eocene  £ocottus,  has  twenty-four,  the 
Oligocene-Miocene  Lejndocottus  twenty-six,  whilst  the  living  members  of  this  large 
family  haye  no  fewer  than  tl)irty ;  the  earliest  known  Blenniid,  ftdrygoc^haluif 
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fron  the  Eocene,  has  twenty-four  Tertebro,  its  nearest  living  allies,  CUnms  and 
CristicepSf  having  at  least  thirty-four.  Even  the  Scorfxgmda,  one  of  the  families 
on  which  Professor  Jordan  based  his  theory,  and  in  which  the  vertebraa  vary  from 
twenty- four  to  thirty-seven  in  living  genera,  confirm  my  conclusion,  since  their 
Eocene  precursor,  Ampheristtes,  has  the  lower  number.  I  might  mention  other 
examples,  derived  ^m  the  living  Scombri/onnes  and  Percifonnes,  to  show  that 
e\  olution  must  have  proceeded  in  the  same  way. 

Things  being  so,  the  view  which  I  entertained  when  first  studying  ths 
Cichlids  of  Lake  Tanganyika  must  be  abandoned,  and  the  direction  of  the  sup- 
posed lines  of  evolution  reversed,  together  with  the  signifioation  given  by  me  to  the 
characters  of  increased  number  of  dorsal  and  anal  rays,  or  of  multiple  lateral 
lines  which  go  more  or  less  hand  in  hand  with  the  increase  in  the  vertebral 
segments.  1  must  therefore  repudiate  the  statement,  first  made  by  me  in 
describing  some  of  the  new  genera  discovered  by  Mr.  Moore  in  Lake  Tanganyika, 
that  they  show  features  of  gpeneralisation,  the  contrary  being  the  case.  This  has 
been  shown  by  Dr.  J.  Pellegrin,  who  has  recently  published  a  monograph  of  the 
whole  family  CichlidcB,  in  which  he  has  very  ablv  dealt  with  the  question  of  the 
interrelation  of  the  various  genera  from  the  phylogenetic  point  of  view. 

Two  theories  ^have  lately  been  put  forward  as  to  the  origin  of  the  African 
Cichlids. 

According  to  Mr.  Moore,  to  whom  I  we  owe  the  discovery  of  so  many  new 
forms  in  Lake  Tanganyika,  the  Cichlids  are  of  marine  origin,  and  penetrated  into 
a  hypothetical  Central  African  sea  in  prss-Tertiary  times.  But  as  no  Perciform 
fish  of  any  sort  is  known  earlier  than  the  Upx)er  Cretaceous,  and  no  Perch,  in  the 
widest  sense,  before  the  Lower  Eocene  (Prolates)^  the  possible  existence  at  that 
remote  time  of  so  specialised  a  type  of  Perches  as  the  Cichlids  is  absolutely 
contrary  to  palsBontological  evidence.  Further,  such  an  explanation  is  unsup- 
ported by  any  geological  data,  no  trace  of  Jurassic  or  Cretaceous  deposits  having 
been  found  on  the  plateau  of  Central  Africa,  notwithstanding  much  search  over  a 
considerable  portion  of  the  Congo  Stat«.  It  is  impossible  to  imagine  that  such  a 
sea  could  have  existed  without  leaving  any  sedimentary  deposits  whilst  its 
relics  were  being  preserved  in  Lake  Tanganyika.  Besides,  the  distinguished 
Belgian  geologist,  Professor  J.  Cornet,  who  has  paid  special  attention  to  this 

?uestion,  and  has  himself  surveyed  a  considerable  part  of  the  territory  of  the 
/ongo  State,  regards  the  Tanganyika  as-  by  no  means  a  very  ancient  lake,  its 
formation  not  dating  back  beyond  Miocene  times.  I  may  also  here  point  out 
that  Mr.  Moore's  interpretation  of  the  afiinities  of  the  so-called  *  haloHmnic ' 
MoUuBca  have  not  received  any  support  from  those  best  able  to  judffe  of  its 
merits.  Mr.  E.  A.  Smith,  from  the  recent  conchological,  and  Mr.  Huddleston, 
from  the  palieontological  point  of  view,  have  recently  discussed  his  conclusions, 
with  which  they  are  unable  to  agree.  I  need  hardly  add  that  the  discovery  since 
the  publication  of  the  'Tanganyika  Problem'  of  the  Medusa  Lwitiocnida 
tangamcm  in  Lake  Victoria  has  dealt  a  further  blow  to  Mr.  Moore's  theory. 

As  regards  the  origin  of  this  Medusa,  recent  palfcoutological  discoveries  afford  a 
much  more  rational  explanation  of  the  presence  in  Tanganyika  of  a  Coelent^rate  of 
tmquestionably  marine  derivation.  The  highly  important  finds  of  fossils  between 
the  Niger  and  Lake  Chad  by  the  English  and  French  officers  of  the  Boundary 
Commission,  which  have  been  reported  upon  by  Professor  de  Lapparent,  Mr. 
BuUenJ  Newton,  and  ^Dr.  'Bather,  have  conclusively  established  the  existence  of 
Middle  Eocene  marine  deposits  over  the  Western  Soudan,  and  the  Effyptian 
end  Indian  character  of  these  fossils,  as  well  as  of  others  previously  obtained  in 
Cameroon  and  Somaliland,  justifies  the  belief  in  a  Lutetian  (Middle  Eocene)  sea 
extending  across  the  Soudan  to  India.  In  fact,  as  stated  by  Mr.  Newton,  the 
palieontological  evidence  seems  to  prove  that  the  greater  part  of  Africa  above  the 
equator  was  covered  by  sea  during  part  of  the  Eocene  period.  On  this  sea 
retreating  northwards,  after  the  Lutetian  period,  Medusaa  became  land-locked  and 
gnidually  adapted  themselves  to  fresh  water :  they  had  not  far  to  travel  to  find 
themselves  in  what  are  now  the  Nile  lakes,  and  later,  through  the  changes  which 
Mr.  Moore  himself  b^s  s)iown  to  have  taken  place  in  the  drftinage  of  I^e  Kivu, 
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they  were  easily  carried  into  the  Tanganyika — probably  at  no  very  remote  time — 
and  maintained  themselves  to  the  present  day.  I  understand  that  the  Medusa 
reported  from  Bammaku,  Upper  Niger,  in  1895,  but  still  undescribed,  has  been 
rediscovered  by  Budgett,  and  is  now  being  studied.  Should  it  prove  to  be  related 
to  the  Tanganyika  species,  it  would  also  have  to  be  regarded  as  a  relic  of  the 
same  Eocene  sea,  and  it  would  add  further  support  to  the  very  simple  explanation 
which  I  have  ventured  to  offer  of  a  case  which  seemed  so  tremendously  puzzling 
in  our  previous  state  of  ignorance  of  the  geological  conditions  of  Africa  between 
the  equator  and  the  tropic  of  cancer. 

As  explained  by  Professor  Comet,  Tanganyika  has  been  until  very  recent 
times  witnout  an  outlet.  The  Lukuga,  which  drains  into  the  Congo,  was  only 
formed  after  Lake  Kivu  became,  owing  to  volcanic  eruption,  a  tributary  of  the 
Tanganyika  through  the  Rusisi  River.  The  greater  or  less  salinity  of  the  water 
of  a  lake  without  an  outlet  is  a  matter  of  course,  and  therefore  Tanganyika  was 
for  a  long  time  a  salt  lake.  Its  water  is  still,  Mr.  Moore  says,  somewhat  salt. 
No  wonder  that  the  Cichlids,  which  elsewhere  in  Africa  show  no  aversion  to  such 
conditions,  and  which  somehow  or  other  contrive  to  settle  into  isolated  waters, 
should  have  been  among  the  first  inhabitants  of  the  lake,  where,  without  having 
to  face  competition  with  other  types  of  fishes,  they  throve  and  became 
differentiated  into  a  multitude  of  genera.  When  the  hydrographical  conditions 
changed  and  the  water  gradually  lost  its  salinity,  first  on  the  surface  and  later  at 
greater  depths,  an  influx  of  other  forms  of  fish-life  (Polypterus,  Characinids, 
Cyprinids,  Silurids,  &c.)  penetrated  into  the  lake,  some  from  the  Nile  system 
throuffh  the  Rusisi,  others  from  the  Congo  up  the  Lukuga.  This  explains  well 
enou^  the  character  of  the  Tanganyika  fish-fauna.  Tlie  Cichlids,  the  oldest 
inhabitants  of  the  lake,  nearly  all  belong  to  endemic  species,  many  of  which  consti- 
tute genera  represented  nowhere  else ;  whilst  the  fishes  of  other  families,  later  immi- 
gprants,  all  belong  to  widely  distributed  genera,  and  several  of  them  even  to  species 
also  found  either  in  the  Nile  or  in  the  Congo,  or  in  both  these  river-systems. 

The  other  theory  is  that  the  Cichlids  have  originated  as  fresh-water  fishes  in 
Eocene  times  in  America  and  have  crossed  the  Atlantic  by  a  bridge  which  then 
connected  South  America  with  Africa.  This  is  the  explanation  given  by  Dr. 
Pellegrin.  He  admits  that  we  have  no  indication  of  any  near  allies  of  these 
fishes  before  the  Middle  Eocene  (Green-River  beds  of  North  America),  and, 
basing  his  statement  on  the  last  edition  of  Professor  de  Lapparent*s  *  Traits  de 
Geologic'  (1900),  he  says  it  seems  to  be  beyond  doubt  that  during  the  Lutetian 
period,  which  immediately  followed  that  at  which  the  earljest  Cichlids  were 
known  to  live  in  the  fresh  waters  of  America,  a  vast  continent  extended  between 
South  America  and  Africa.  Should  this  have  really  been  the  case,  the  question 
of  the  distribution  of  the  Cichlids  could  be  regarded  as  settled.  But  I  cannot 
satisfy  myself  that  there  is  any  geological  evidence  to  support  this  view.  That  a 
shallow  sea  with  a  chain  of  islands  connected  thtj  A\'^e8t  Indies  with  the  Mediter- 
ranean in  Middle  Eocene  times  is  generally  believed,  ond  this  theory  is  supported 
by  serious  arguments ;  but  a  series  of  islands  would  hardly  be  sutficlent  for  the 
passage  of  fresh-water  forms,  such  as  we  have  reason  to  think  the  Cichlids  have 
always  been.  In  his  maps  of  distribution  Dr.  Ortmann  does  not  support  Dr. 
Pellegrin's  assumption.  Professor  de  Lapparent  has  kindly  informed  me  that  his 
map  of  the  Lutetian  period  requires  very  considerable  modifications  owing  to  the 
discoveries  in  the  Soudan,  in  Senegambia,  and  in  Cameroon,  to  which  allusion  has 
been  made  above;  in  fact,  there  is  now  positive  evidence  against  a  Middle  Eocene 
communication  between  South  America  and  Africa  north  of  the  equator.  M.  de 
Lapparent  still  thinks  it  probable  that  such  a  communication  may  have  existed  at 
that  period,  but  it  must  have  been  further  south ;  and  he  admits  that  this  view  is 
hypothetical  and  rests  partly  on  negative  evidence,  partly  on  the  peculiar  character 
of  the  Eocene  and  Oligocene  marine  fauna  of  Patagonia,  so  different  from  that  of  the 
North  Atlantic.  Under  the  circumstances  we  cannot  be  too  careful  in  making 
assertions.  Dr.  Pellegrin  argaas  that  we  need  not  go  back  beyond  the  Middle 
Eocene  for  the  appearance  of  the  first  Cichlids  in  Africa ;  for  some  time  after, 
but  not  later  than  the  iiow^r  |diocene,  Madagascar  has  been,  temporarily  at  least. 
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joined  to  Africa ;  and  as  the  Cichlids  of  Madagascar  are  essentially  African  in 
character,  two  out  of  the  three  genera  being  identical,  we  are  justified  in 
believing  that  the  Cichlids  alread;^  existed  in  Africa  at  some  time  between  the 
Middle  Eocene  and  the  Lower  Miocene.  But  then  what  about  the  Indiui  and 
Ceylonese  species  of  the  aenuBMroplus,  which  are  not  so  closely  allied  to  Paretrapiiti 
of  Madagascar  as  was  formerly  believed  P  The  land-area  which  once  connected 
Madagascar  direct  with  India  had  ceased  to  exist  in  Lower  Tertiary  times,  and 
we  must  therefore  assume  that  the  Cichlids  reached  India  from  Africa  through 
South- Western  Asia,  which  is  ^uite  possible,  or  else  that  they  are  immigrants  from 
,  the  North.  The  latter  supposition  would  harmonise  with  what  I  believe  may  have 
been  the  original  mode  of  dispersion  of  this  family  on  the  assumption  that  the 
North  American  Middle  Eocene  Priscacara  really  represent  the  ancestral  stock 
of  the  Cichlids.  These  fishes  would  have  ranged  over  North  America  and 
Northern  and  Eastern  Asia,  which  were  then  one  continent.  That  we  have  no 
palaeontological  evidence  of  this  distribution  there  is  no  wonder,  since  we  know 
nothing  of  Eocene  fresh- water  fishes  on  the  Asiatic  continent ;  and  when,  later, 
India  and  Africa  became  connected  with  the  Asiatic-American  continent,  thej 
migrated  southwards  and  westwards,  and  for  climatic  and  other  reasons  at  once 
flourished  in  and  spread  all  over  Africa,  and  especially  in  the  newly  formed  Lake 
Tanganyika. 

This  third  hypothesis  has  this  advantage  over  the  two  others,  that  it  does 
not  postulate  any  land-areas  in  late  Eocene  or  Miocene  times,  for  which  there 
is  at  present  no  sufficient  evidence,  nor  a  prce-Tertiary  and  marine  origin  for 
the  family  Cichlidce,  which  is  wholly  improbable  and  receives  no  support  from 
palaeontology. 

On  the  other  hand,  it  is  undeniable  that  the  hypothesis  of  a  South  Atlantic 
land  communication  in  the  Eocene  has  much  in  its  favour,  and  when  this  is 
really  established  all  difficulty  in  explaining  the  distribution  of  the  CichlidiB 
will  have  disappeared.  In  the  meanwhile,  to  use  an  appropriate  metaphor,  we 
must  not  construct  bridges  without  being  sure  of  our  points  of  attachment, 
otherwise  they  are  liable  to  collapse  as  geological  knowledge  progresses. 

The  Mastacehbelid^b. — In  dealing  with  the  distribution  of  fresh-water 
fishes  in  his  *  Introduction  to  the  Study  of  Fishes,'  Dr.  Giinther  has  observed  that 

*  ss  a  general  rule  a  genus  or  family  of  fresh-water  fishes  is  regularly  dispersed 
and  most  developed  within  a  certain  district,  the  species  and  individuals  becoming 
scarcer  towards  the  periphery  aa  the  type  recedes  more  from  its  central  home, 
some  outposts  being  frequently  pushed  far  beyond  the  outskirts  of  the  area 
occupied  by  it.'  I  do  not  think  there  is  much  to  eay  in  favour  of  this  principle, 
whicn  is  often  opposed  to  well-established  facts  in  geological  history;  and 
it  is  interesting  in  this  connection  to  observe  how  in  the  case  of  the 
Mastacejnbelida,  a  highly  specialised  family  akin  to  the  Acanthopterygians,  and 
possibly  derived  from  the  BlenniicUBj  recent  discoveries  have  reversed  the  state 
of  things  that  appeared  at  the  time  Dr.  Giinther  drew  un  his  conclusions. 

*  Mastacembelus  and  Ophzocepkalus,  genera  characteristic  of  the  Indian  region,' 
he  says, '  emerge  severally  by  a  single  species  in  West  and  Central  Africa ' ;  and, 
further,  when  comparing  the  fishes  of  the  Indian  and  African  regions,  he  adds : 
*A  few  species  only  have  found  their  way  into  Africa.'  At  present  we  are 
acquainted  with  thirty-eight  species  of  Magtacenibelus :  fourteen  from  the  Indo- 
Malay  region,  one  from  Syria  and  Mesopotamia,  and  twenty-three  from  Tropical 
Africa.  The  distribution  of  these  fishes,  the  fossil  remains  of  which  are  still 
unknown,  has  probably  once  been  a  continuous  one,  climatic  and  hydrographio 
conditions  possibly  accounting  for  the  present  discont;inuity.  We  have  no  data 
from  which  to  decide  whether  the  Mastacembelids  iSrst  appeared  in  Asia  or  in 
Africa,  or  simultaneously  in  both  parts  of  the  world,  as  is  quite  possible  on  the 
assumption  that  the  family  originated  in  the  Eocene  sea  extending  from  tjie 
Western  Soudan  to  India. 

This  concludes  our  review  of  the  affinities  and  past  history  of  the  principal 
fresh-water  ^ypes  which  characterise  the  present  African  fjsh-fauna.    Ay.e  have 
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eudeavoured  to  uhow  that  a  Tertiary  laud  connection  between  Africa  and  South 
America  is  not  absolutely  necessary  to  explain  the  many  points  of  agreement 
between  the  fresh-water  fishes  of  these  two  parts  of  the  world,  as  has  been 
postulated  by  many  writers.  Besides,  there  are  still  some  who  hold,  as  does 
Professor  G.  FfefTer — ^whose  interesting  essay  on  the  zoo-geographical  conditions  of 
South  America,  from  the  point  of  view  of  lower  yertebrates,  a])peared  after  this 
Address  had  been  written — ^that  a  former  subuniversality  of  distrioution  will  afford 
a  solution  to  many  of  these  problems  without  necessitating  such  a  land-con- 
nection, as  exemplified  by  the  past  distribution  of  the  Pleurodiran  Chelonians. 
In  this  review  we  have  summarised  many  previous  hypotheses  and  added  a  few, 
but  in  every  case  with  a  feeling  of  dissatisfaction,  fully  realising,  as  we  do,  the 
futility  of  speculations  in  the  present  state  of  the  two  great  branches  of  know- 
ledge, geology  and  paLTontology,  on  which  the  solution  of  these  questions  must 
ultimately  rest. 

We  may  now  pass  on  to  the  realm  of  facts,  and  survey  in  the  briefest  manner 
the  waters  of  the  great  continent  as  they  appear  after  the  many  discoveries  which 
have  of  late  so  greatly  increased  our  knowledge  of  the  African  fishes.  Much, 
very  much,  remains  to  be  done  before  we  can  claim  an  approximately  sufiicient 
acquaintance  with  the  faunas  of  the  difierent  districts,  so  many  of  which  are  still 
unexplored  as  far  as  fishes  are  concerned.  But  we  have  reason  to  rejoice  at  the 
rate  at  which  our  knowledge  has  progressed  within  the  last  few  years,  and  I 
mav  here  pay  a  tribute  of  gratitude  to  the  many  explorers  who,  among  hardships 
and  dangers  of  all  kinds,  ^ve  found  it  possible  to  devote  some  of  their  energy 
to  the  collecting  of  fishes,  a  group  of  animals  which  ofiers  special  difficulties  of 
preservation  and  transport.  Among  those  who  have  done  most  in  this  line  within 
the  last  ten  years  I  must  mention  the  names  of  Mr.  Moore  of  Tanganyika  fame 
and  his  successor  in  the  same  field,  Mr.  Cunnington ;  Mr.  Loat,  whose  three 
years'  fishing  in  the  Nile  has  resulted  in  a  splendid  collection,  now  being 
worked  out  under  the  auspices  of  the  Egyptian  Government  in  response  to  an 
appeal  from  the  late  Dr.  John  Anderson;  Captain  Wilverth,  Major  Cabra,  Captain 
Lemaire,  Captain  Ilecq,  and  other  Belgian  ofiicers  in  the  service  of  the  Congo 
State ;  Mr.  G.  L.  Bates,  who  is  still  adding  to  our  knowledge  of  the  South 
Cameroon  and  Gaboon  districts;  the  late  Miss  Kingsley,  who  collected  in  the 
Ogowe ;  Captain  Gosling,  who  has  sent  home  a  fine  series  of  the  fishes  of  Lake 
Chad ;  Dr.  Ansorge,  who,  after  making  important  discoveries  in  the  Ni^er  Delta, 
has  passed  on  to  the  exploration  of  Angola;  Mr.  Degen,  in  Abyssinia;  Dr. 
Donaldson  Smith,  Mr.  Ilinde,  Mr.  B.  Percival,  Mr.  Oscar  Neumann,  and  the  late 
Baron  Carlos  von  Erlan^er,  in  East  Africa ;  and,  lastly,  three  who  have  sacrificed 
their  lives  in  the  service  of  zoology :  Paul  Delhez  (Congo,  Senegal),  Doggett 
(Lake  Victoria),  and  J.  S.  Budgett,  to  whose  loss  I  have  ali^eady  alluded. 

Here  in  South  Africa,  through  the  generosity  of  Mr.  C.  D.  Kudd,  a  systematic 
zoological  survey,  which  promises  to  yield  important  results,  is  now  being  carried 
out  by  Mr.  C.  H.  B.  Grant,  formerly  of  the  British  Museum,  who  has  proved  him- 
self to  be  a  most  painstaking  and  successful  collector. 

In  the  present  state  of  our  knowledge  of  the  fresh-water  fishes  Africa  mav  be 
divided  into  five  sub-regions,  the  discussion  of  the  further  subdivision  of  which 
would  exceed  the  limits  of  this  Address : — 

1.  The  North-Western  Sub-region,  or  Barbary,  and  the  Northern  Sahara, 
properly  forming  part  of  the  Palsearctic  region. 

2.  The  Western-Central  Sub-region,  with  all  the  great  rivers  and  lakes, 
extending  to  the  Nile  Delta  and  the  mouth  of  the  Zambesi,  for  which  the  t«rm 
Megapotamian  Sub-region  has  been  suggested  to  me  by  Dr.  Sclater. 

3.  The  Eastern  Sub-region — Abyssinia,  with  the  upper  tributaries  of  the  Blue 
Nile,  and  the  countries  east  of  the  ftifb  Valley  and  north  of  the  Zambesi. 

4.  The  Southern  Sub-region — all  the  waters  south  of  the  Zambesi  system. 

5.  Madagascar. 

The  smaller  islands  of  the  Indian  Ocean  have  a  fresh-water  fish-fauna  so 
insignificant  that  they  may  be  entirely  neglected  in  a  broad  division  of  the 
^ffic^ji  region, 
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I.  The  North-Webtebn  Sub-region. 

In  its  deficiency  in  rivers  of  pertuanent  flow  Barbary  has  much  in  common 
with  South  Africa,  and  these  two  parts  of  Africa  in  their  fish- fauna  present  a 
somewliat  analogous  example  to  that  on  which  the  now  exploded  theory  of 
bipolarity  was  founded.  Swelling  to  foaming  torrents  in  the  rainy  season  or 
after  a  storm,  reduced  to  series  of  pools  connected  by  tiny  streams  at  other 
times,  the  watercourses  are  evidently  unsuited  to  fish-life ;  and  it  is  not  surprising 
that,  apart  from  a  certain  number  of  forms  adapted  to  live  in  stagnant,  often 
strongly  saline,  waters,  the  fishes  should  be  so  few  in  kinds.  But  they  make  an 
interesting  assemblage,  in  which  it  is  easy  to  discover  forms  unmiatihkably 
suggestive  of  the  prse-Pliocene  times  when  the  sea  had  not  burst  through  the 
Straits  of  Gibraltar,  mixed  with  others  of  decidedly  Africo-Indian  or  Oriental 
affinities. 

The  number  of  species  from  inland  waters,  whether  fresh  or  salt,  hitherto 
recorded  from  this  part  of  Africa,  amounts  to  thirtv  or  thirty-one  only.  Of  thess 
thirteen  are  Cyprinids,  which  may  all  be  regarded  as  of  northern  or  eastern 
immigration.  Four  of  the  Barbels  show  European  affinities,  one  of  them  being 
found  also  in  Spain,  whilst  the  seven  others  belong  to  a  section  of  the  genus 
largely  represented  in  Southern  Asia  and  East  Africa,  but  only  known  in 
West  Africa  from  Cameroon.  A  species  of  Varicorhinua,  recently  discovered  in 
Morocco,  has  similar  affinities,  the  genus  being  known  from  South- Western  Asia, 
Abyssinia,  and  Lake  Tanganyika.  A  small  somewhat  aberrant  species  of  the 
South- West  em  Asian  genus  Phox-inellus  has  been  described  from  the  Algerian 
Sahara,  whilst  an  AWurnuB  from  the  Tell  (originally  placed  in  the  genus  LewcUaa) 
is  also  the  sole  representative  in  Africa  of  a  genus  inhabiting  Europe  north  of 
the  Pyrenees  and  Alps  and  South-Western  Asia.  With  two  exceptions,  all  the 
Gvprinids  are  confined  to  the  northern  watershed  of  the  Atlas,  in  wnich  varieties 
or  our  liiver  Trout  and  our  Stickleback  also  occur ;  but  Barbus  eallenaU  and  the 
l^hojcmellus  occur  also  in  the  Algerian  and  Tunisian  Sahara,  showing  that,  as 
in  other  groups  of  animals,  no  sharp  delimitation  can  be  drawn  between  the 
Palaearctic  ana  Ethiopian  regions  of  Barbary. 

Of  three  Cyprinodonts  one,  from  the  high  plateaux,  inhabits  also  Spain; 
another,  more  generally  distributed,  is  known  from  Sicily,  Syria,  and  North-East 
Africa ;  whilst  the  third,  remarkable  for  the  absence  of  ventral  fins,  is  monotypic 
of  a  genus  named  Tellia — a  misnomer,  as  it  is  not  found  in  the  Tell,  but  on  the 
high  plateaux  of  Algeria,  at  altitudes  of  from  2,000  to  8,000  feet,  not  8,000,  as 
stated  by  Dam  beck. 

Three  Cichlids  are  known  from  the  Northern  Sahara,  one,  a  Tilapia,  bein^ 
restricted  to  Eastern  Algeria  and  Tunisia,  whilst  the  two  others,  a  Hemickromu 
and  a  Tilapiay  extend  to  Lower  Egypt,  and  are  besides  widely  distributed  in 
Tropical  Africa.  The  Cichlids,  along  with  the  Cyprinodon^  the  BarbuSy  and 
the  Phoxinellus  mentioned  above,  are  often  ejected  by  artesian  wells,  and  the  fact 
has  given  ri.<e  to  much  discussion.  The  latest  investigator  of  this  phenomenon, 
the  distinguished  engineer,  M.  George  KoUand,  confirms  the  opinion,  expressed 
by  the  late  Sir  Laml^rt  Playfair  and  M.  Letourneux  in  1871,  that  these  fishes 
normally  live  and  breed  in  the  lakes  and  wells  exposed  to  air  and  light,  and  that 
their  presence  in  the  underground  sheets  of  water  with  which  the  lakes  com- 
municate is  merely  an  episode,  and  as  it  were  an  incident  in  the  voyages  which 
they  undertake  from  one  opening  to  the  other.  There  is  therefore  no  justification 
for  the  term  *  realm  of  the  Trogloichthydae  *  which  has  been  proposed  by  Dam- 
beck  for  North- West  Africa. 

The  other  fishes  which  complete  the  list  are  of  direct  marine  derivation,  as 
the  anadromoufi  Shad  and  the  catadromous  P^el  and  Grey  Mullets,  or  such  as 
have  recently  adapted  themselves  to  permanent  existence  in  fresh,  water,  like  the 
Syngnathus  discovered  by  Sir  L.  Playfair,  the  Atherina,  which  occurs  also  in 
various  fresh-water  or  brackish  lakes  in  Southern  Europe  and  Egypt  and  in  the 
Caspian  Sea,  two  Gobies  and  a  Bleuny,  the  latter  being  also  known  from  fresh 
waters  in  the  South  of  Fr&nce  and  in  Italy.    The  09Cup:eQce  of  an  otl^erwise 
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Strictly  marine  species  of  Blenniids  {Cristiceps  argent atus)  in  the  fountain  of 
Ain  Malakoff,  in  the  high  plateaux  of  Algeria,  rests  on  the  testimony  of  a 
naturalist  of  Algiers  and  needs-  confirmation. 

Before  leaving  this  part  of  Africa  I  cannot  refrain  from  alluding  to  the  fact 
Ihat  when  Canon'  Tristram  obtained  specimens  of  the  Cichlids  Tilapia  zUlii  (then 
named  Haligenea  tristramt)  in  the  salt-water  marshes  of  the  Wed  Rhir  nearly 
fifty  years  ago^he  thought  he  had  added  a  further  argument  to  the  then  prevalent 
theory  of  the  Sahara  being  the  bed  of  an  evaporated  Tertiary  ocean,  these 
Cichlids  being  regarded  by  him  as  relics  of  a  former  marine  fauna.  It  is  not 
without  interest  to  recall  this  expression  of  opinion,  which  Canon  Tristram  has 
Bince  repudiated,  as  a  parallel  to  the  hypotheses  which  have  of  late  been  so  lightly 
adducea  in  the  case  of  this  same  group  of  fishes  in  Lake  Tanganyika. 

II.  The  Megapotamian  Sub-regioit. 

The  Nile,  the  Niger,  the  Gambia  and  the  Senegal,  the  Congo,  and  the  Zambesi, 
with  their  numeroils  Mormyrids,  Characinids,  Silurids,  and  Cichlids,  have  much 
the  same  general  character,  which  points  to  many  of  the  generic  types  having 
radiated  from  a  common  centre  of  origrin,  no  doubt  in  those  great  central  lakes 
which  are  believed  to  have  existed  in  Middle  Tertiary  times.  Lake  Chad,  the 
ichthyic  fauna  of  which  was  until  quite  recently  unknown,  represents  the 
dwindling  remains  of  a  larger  basin  wnich  communicated  until  comparatively 
recent  times  with  both  the  eastern  and  western  river-systems,  thus  accounting  for 
the  great  resemblance  between  the  fishes  of  the  Nile  and  those  of  the  rivers 
of  the  Atlantic  watershed  north  of  the  Cameroons,  46  species  out  of  lOI  known 
from  the  Nile  (without  the  great  lakes  by  which  it  is  now  fed)  being  also 
found  in  the  Niger,  the  Senegal,  or  the  Gambia,  or  in  all  three,  and  most  of 
these  have  been  recently  found  in  Lake  Chad  and  the  rivers  emptying  into  it. 
The  collection  made  in  Lake  Chad  by  Captain  Gosling,  and  sent  by  him  to  the 
British  Museum,  contains  representatives  of  twenty-four  species,  all  of  which 
were  previously  known  from  both  the  Nile  and  the  Niger,  thus  strikingly  con- 
firming conclusions  arrived  at  from  a  study  of  the  fauna  of  those  two  river- 
systems.  Collections  sent  to  the  Paris  Museum  by  the  Chevalier  and  Decorse 
Mission,  and  worked  out  by  Dr.  Pellegrin,  add  twenty-five  species  to  the  above 
number,  two  described  as  new,  two  Nilotic,  eight  West  African,  five  Congolese, 
the  rest  being  common  to  the  eastern  and  western  river-systems.  The  Congo 
differs  more  considerably,  and/must  therefore  have  been  separated  from  the  Nile- 
Chad-Ni^r  for  a  longer  period,  only  15  out  of  its  266  species  (excluding  the 
Tanganyika)  occurring  also  in  the  Nile,  and  eleven  in  the  Chad.  When  we  reach 
the  district  of  the  sources  of  the  Congo,  the  so-called  Katanga  district,  we  find  a 
mixture  of  Congo  and  Zambesi  forms,  which  points  to  a  former  reversal  of  the 
drainage  of  parts  of  the  elevated  dividing  range.  Lake  Mwero  belongs  to  this 
district ;  although  so  near  to  Lake  Tanganyika,  it  has  no  fish  in  common  with  it 
except  a  few  of  very  wide  distribution.  Lake  Bangwelo,  also  in  the  same  district, 
is  said  to  swarm  with  fishes,  Silurids  and  Cichlids  especially,  but  they  have  never 
been  collected.  The  Zambesi,  so  far  as  it  has  been  explored  at  present,  is  the 
poorest  in  fishes  of  the  great  rivers,  and  it  differs  from  the  others  in  one  important 
point — the  absence  of  the  Polt/pterid^.  The  great  lakes  difier  considerably  in 
their  fishes  from  the  river-systems  into  which  they  drain. 

As  pointed  out  eleven  years  ago  by  Professor  Gregory,  the  system  of  the  head 
waters  of  the  Nile  must  have  been  very  difierently  arranged  in  times  geologically 
quite  recent.  This  is  proved  by  what  we  know  of  the  great  lakes  north  of 
Tanganyika.  Thus,  of  the  species  known  from  Lake  Victoria,  barely  one-fourth 
occur  also  in  the  Nile,  the  rest  being  mostly  endemic;  whilst  Lake  Rudolf, 
which  has  now  no  communication  with  the  Nile,  has  four- fifths  of  its  species  in 
common  with  that  system.  Lakes  Albert  and  Albert  Edward  are  very  insuf- 
ficiently explored  and  have  only  yielded  a  few  species,  one-half  of  which  are 
Nilotic.  Two  fishes,  Cyprinids,  are  all  we  know  from  Lake  Baringo,  one  being 
•  widely  distributed  Nile  species,  the  other  an  East  AfricaiiT    We  must  conclude 
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from  these  dato  that  Lake  Victoria  has  long  been  isolated,  whilst  Lake  Rudolf 
has  until  very  recently  been  in  communication  with  the  Nile. 

Lake  Tsana,  which  is  now  the  source  of  the  Blue  Nile,  has  recently  yielded  a 
lar^  collection  of  fishes,  showing  a  great  variety  of  Cyprinids,  either  endemic 
or  identical  with  species  occurring  in  the  eastern  watershed,  and  closely  allied 
to  those  of  Palestine,  but  with  no  special  Nile  affinities.  The  discovery  of  a 
Loach  {Nenubchilus),  the  first  known  from  Africa,  points  to  an  immigration  from 
the  Jordan,  probably  through  the  old  Erythrean  Valley.  The  only  species  which 
Lake  Tsana  iias  in  common  with  the  Nile  ( Tilapia  niloiica)  occurs  also  in  the 
Hawash  and  in  the  Jordan. 

From  the  vastly  increased  information  we  now  possess  of  the  fishes  of  the  Nile- 
system,  we  are  justified  in  believing  in  great  changes  in  the  hydrography  of  this  part 
of  Africa.  Tlie  fishes  of  Lake  Tsana  would  support  Professor  Gregory  s  conclusion 
as  to  a  communication  with  the  Jordan  througn  a  river  running  along  what  is  now 
the  Red  tSea,  whilst  those  of  the  Lower  Nile  point  to  a  direct  communication 
between  the  latt«r  and  the  Jordan,  as  advocated  by  Professor  Hull,  migrations 
along  two  distinct  channels  having  taken  place  at  a  time  when  the  Mediterranean 
did  not  extend  so  far  to  the  east  as  it  does  at  present,  and  the  Indian  Ocean 
had  not  penetrat<^  into  the  Erythrean  Valley.  A  better  knowledge  of  the  fishes 
of  Egypt  has  disposed  of  Professor  Gregory's  arguments  against  a  former  communi- 
cation between  the  Lower  Nile  and  the  Jordan.  Quoting  Dr.  Giinther,  Professor 
Gregory,  in  his  book  '  The  Great  Rifb  Valley,'  published  in  1896,  has  laid  stress 
on  the  supposed  facts  that  Hemichromis^  a  genus  of  Cichlidaf  is  not  represented  in 
the  north-eastern  part  of  Africa,  but  chiefly  on  the  West  Coast  and  in  the 
central  lakes,  and  tnat  the  Clarias  of  the  Jordan  is  not  the  species  of  the  Lower 
Nile  (C  anffuillaris),  but  that  of  the  Upper  Nile  (C.  fnacracanthus),  adding  that  it 
is  of  no  use,  therefore,  to  assume  the  existence  of  a  connection  between  the  Lower 
Nile  and  the  Jordan  in  order  to  account  for  the  existence  in  the  latter  of  fishes 
which  do  not  occur  in  the  former.  These  examples  were  ill  chosen,  for  as  regards 
the  HemiohromU  (includinjjr  Paratilapia)  the  statement  has  been  disprov^  by 
the  discovery,  in  1881  and  m  1903,  of  two  species  in  Lake  Mareotis ;  and  as  to 
the  Clarias  1  have  been  able  to  convince  myself  that  the  species  named  C.  macra- 
caiithxis  by  Giinther  is  identical  with  C.  lazera,  a  fish  common  throughout  the 
Nile  and  over  a  considerable  part  of  Africa. 

The  Nile  in  its  widest  sense,  but  without  the  great  lakes,  has  101  species,  not 
including  those  that  enter  the  sea:  twenty-seven  do  not  extend  north  of  Char- 
toum,  whilst  only  six  are  restricted  to  the  river  below  the  First  Cataract.  The 
most  important  additions  made  since  Dr.  Gunther's  account  of  them  in  'Petherick's 
Travels  are  several  Mormyrs,  BarlmSf  and  Synodontis,  three  Cichlids,  a  Xeno^ 
mystuSf  a  Nannathiops,  a  Ducognathus,  a  Barilius,  a  Chilofflanis,  a  Funduhis^ 
an  EUotriSf  and  the  remarkable  genera  Phy$ailia,  Andersonia,  and  Cromena^  the 
latter  the  type  of  a  new  family. 

Thanks  to  the  collections  made  by  Sir  Harry  Johnston  and  Col.  Delm6 
Radclifie,  with  the  help  of  Mr.  Doggett,  and  by  M.  AUuaud,  supplementing  those  of 
Dr.  Fischer,  we  may  now  draw  up  a  list  of  twenty-five  species  from  Lake  victoria. 
The  comparative  scarcity  of  animal  and  vegetable  life  in  this  great  lake  perhaps 
precludes  expectation  of  a  great  increase  in  the  number  of  species  in  the  course 
of  further  exploration.  Most  of  the  species  are  endemi^  and  among  the  most 
remarkable  types  may  be  mentioned  a  DiscognathttB,  a  Mastacembelus  (probably 
the  fish  noticed  by  Grant  as  a  Stickleback),  and  a  peculiar  genus  of  Cichlids, 
Astatoreochromu.    No  Polypteitu  has  yet  been  found. 

Lakes  Albert  and  Albert  Edward,  recently  visited  by  Mr.  Moore,  have  fur- 
nished examples  of  nine  species,  mostly  Nilotic  in  character,  the  most  interesting^ 
being  a  PetrochromiSf  on  account  of  its  close  aflinity  to  a  Tanganyika  species. 

Lake  Rudolf,  as  stated  above,  difiers  hardly  from  the  Upper  Nile,  only  three 
of  its  sixteen  species  being  indicative  of  immigration  from  the  East.  Not  a  single 
form  is  endemic. 

The  Senegal  must  have  been  very  thoroughly  explored  by  Dr.  Steindachner 
thirty-five  years  ago,  as  a  large  collection  made  a  few  years  since  by  tl^9  Ut^ 
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M.  Belhes  has  not  resulted  in  a  single  addition  to  the  list  of  species.  The  Gambia, 
on  the  other  hand,  is  now  much  letter  known  than  it  was,  thanks  to  the  two 
visits  of  the  late  Mr.  Budgett,  to  whom  we  owe  the  discovery  of  two  species.  But 
it  is  the  Niger  which,  through  the  collections  made  by  Dr.  C.  Christy,  the  late 
Captoin  G.^F.  Abadie,  Mr.  Budgett,  and  especially  Dr.  Ansorge,  has  been  pro* 
ductive  of  the  most  important  additions  to  our  knowled^.  The  most  striking 
discoveries  are  the  type  of  a  new  family,  PhmctokeTnus,  smce  rediscovered  in  the 
Ubanghi,  and  Polycentropsuf,  the  first  representative  of  the  Nandidee  in  Africa. 
Leaving  aside  species  entering  the  sea,  we  now  know  fifty-four  species  from  the 
Senegal,  forty-one  from  the  Gambia,  and  ninety*six  from  the  Niger,  the  lower 
course  of  the  latter  being  the  most  productive.  A  remarkable  feature  of  these 
rivers  is  the  comparative  paucity  of  Cyprinids,  and  the  total  absence  in  the  first 
two  of  the  genus  BarbuSf  which  also  appears  to  be  absent  from  the  Chad 
basin. 

Our  knowledge  of  the  piscine  inhabitants  of  the  rivers  fiowing  into  the 
Atlantic  between  the  mouths  of  the  Gambia  and  of  the  Niger  has  also  made  con- 
siderable progress.  The  fishes  of  Liberia,  collected  by  Dr.  Biittikofer,  have  been 
described  by  Dr.  Steindachner,  and  those  of  the  Gold  Coast,  collected  by  the  late 
Mr.  R.  B.  Walker,  have  been  reported  upon  by  Dr.  Giinther.  Sixty-seven  species 
are  on  record  from  this  district,  twenty-four  of  them  being  endemic. 

Further  South,  North  Cameroon  has  yielded  several  additions,  for  a  know- 
ledge of  which  we  are  indebted  to  Dr.  Lonnberg,  whilst  South  Cameroon,  together 
with  the  Gaboon  district,  has  been  diligently  explored  by  Mr.  G.  L.  Bates,  with 
the  result  that  a  great  number  of  new  species  have  been  brought  to  light.  This 
part  of  Africa  is  specially  interesting  from  the  fact  that  its  rivers  interlock  with 
the  head  waters  of  the  Sanga,  which  belonjofs  to  the  Congo  basin,  and,  the  fishes 
being  mostly  the  same  in  both  watersheds,  in  that  district,  a  sort  of  passage  is 
established  between  the  Gaboon  and  Congo  faunas.  Among  the  most  remarkable 
forms  discovered  by  Mr.  Bates  we  may  mention  the  grenera  Microsynodmitis^ 
AllabenchelySf  and  Procatopus.  Since  Dr.  Sauvage  reported,  twenty-five  years 
affo,  on  the  fishes  of  the  Ogowe,  a  small  collection  has  been  made  by  the  late 
Miss  Kingsley,  and  described  by  Dr.  Giinther,  and  a  number  of  new  species  have 
been  characterised  by  Dr.  l*elleprin.  The  number  of  species  now  known  from 
this  part  of  Africa  amounts  to  eighty-seven  for  South  Cameroon  and  the  Gaboon, 
and  fifty-four  for  the  Ogowe.  Very  curiously,  among  them  we  miss  Pofypterus 
and  Calamichthysy  which  occur  in  the  Lower  Niger  and  Old  Calabar,  and  again 
in  the  Chiloango — a  remarkable  instance  of  discontinuous  distribution,  which 
cannot  be  accounted  for  by  physical  conditions,  so  far  as  we  are  acquainted  with 
them. 

The  Congo  system  (exclusive  of  Lake  Tanganyika),  from  which  only  about 
ninety  species  of  fishes  were  known  ten  years  ago,  proves  to  be  far  richer  than 
any  other,  for,  incomplete! v  explored  as  it  still  is,  it  has  already  furnished  examples 
of  :J05  species,  forty-five  of  which  have  been  added  since  the  publication  of  the 
work  *  Les  Poissons  du  Bassin  du  Congo '  in  190L  In  fact,  every  collection  made 
even  in  its  most  accessible  parts  adds  new  species  to  the  list,  and  many  of  its 
rivers  have  never  yet  been  fished  for  scientific  purposes.  No  doubt  we  do  not 
know  more  than  two-thirds  of  the  fishes  of  the  Congo.  The  riches  in  Mormyrids, 
Characinids,  Silurids,  Cichlids,  Mastacembelids,  is  something  surprising,  not  only 
in  the  number  of  species,  but  also  in  their  extraordinary  variety  of  structure ; 
and  as  many  as  seven  species  of  I'olypterids,  out  of  .the  eleven  that  are  now 
known,  occur  in  this  river-system.  With  the  exception  of  the  Cromenida  and 
NanduUet  all  the  families  known  from  the  sub-region  have  representatives  in  the 
Congo. 

Lake  Tanganyika,  now  forming  part  of  the  same  hydrographic  system,  has 
a  somewhat  aifferent  fauna,  consisting  mainly  of  Cichlids,  to  which  we  have 
specially  alluded  in  an  earlier  part  of  this  Address.  But  there  are,  in  addition, 
a  number  of  Sihirids  and  Cyprinids,  a  few  Mastacembelids  and  Characinids,  a 
Cyprinodont,  and  a  Polypterus.  The  latter  belongs  to  a  species  otherwise  restricted 
to  the  Congo,  and  of  the  four  Characinids  two  are  Congo  and  two  are  Nile  forms. 
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The  total  number  of  Tangnnyikan  species  of  fishes  amounts  to  eighty-fiTe,  but,  n6 
doubt,  many  more  await  discovery.  As  I  pointed  out  in  reporting  on  Mr.  Moore's 
second  collection,  I  have  reason  to  think  that  we  do  not  know  more  than  half  of 
the  species  of  fishes  inhabiting  this  extraordinary  lake.  The  collection  which  has 
just  been  brought  home  by  Mr.  Ounnington  will  greatly  add  to  our  knowledge. 
I  may  here  mention  that  Mormyrids,  which  were  believed  to  be  absent  from 
Tanganyika,  are  therein  represented  by  two  species. 

Lake  Rukwa  has  recently  been  explored  by  Dr.  Fiillebom,  but  the  fishes, 
-t^hich  have  been  referred  to  eleven  species,  belonging  to  widely  distributed  genera, 
have  not  been  studied  with  a  sufficient  comparison-material :  they  appear  to  be 
mostly  endemic  forms. 

Lake  Mwero  has  representatives  of  fourteen  species,  five  of  which  are 
endemic,  the  remainder  being  found  also  in  the  Congo  or  in  the  Zambesi,  or  in 
both. 

The  Zambesi,  so  far  as  we  know  it — and  its  upper  parts  have  scarcely  been 
explored — appears  rather  poor  in  fishes,  only  forty-one  species  having  been  retxnrded. 
All  the  genera  are  also  represented  in  the  Congo  and  m  the  Nile.  Seven  of  the 
Zambesi  species  occur  also  in  Lake  Nyassa  and  the  Upper  Shir6,  whilst  in  the 
present  state  of  our  knowledge  twenty-seven  species,  mostly  Cichlids,  mav  be 
regarded  as  endemic  to  the  lake  and  the  l^pper  Shir6.  It  is  perfectly  clear, 
however,  that  Lake  Nyassa  difi'ers  far  less  from  the  Zambesi  than  Tanganyika 
docs  from  the  Nile  or  Congo ;  and,  although  the  Cichlids  are  likewise  represented 
by  some  remarkable  genera,  they  cannot  compare  for  variety  with  the  otiier  great 
lake  the  fauna  of  which  has  been -such  a  surprise.  Both  the  Zambesi  and  Lake 
Nyassa  lack  representatives  of  the  Polypteridae. 

About  forty-five  years  ago  a  collection  of  fishes  was  made  in  Lake  Ngami,  and 
twelve  species  were  described  in  a  very  unsatisfactory  manner  by  the  late  Count 
F.  de  Castelnau  ;  unfortunately  the  types  of  these  species  are  lost,  and  it  is  difli- 
Bult  to  form  an  idea  of  their  affinities.  We  know,  however,  that  the  lake,  which 
is  now  rapidly  drying  up,  was  then  inhabited  by  a  Mormyr,  a  Clanas,  a  Characinid, 
and  several  Cichlids. 

The  rivers  of  Angola  have  been  but  imperfectly  explored.  They  have  yielded 
a  number  of  Cyprinids  and  Cichlids,  a  few  Silurids,  Mormyrids,  and  Cyprinodontids, 
and  the  type  of  the  remarkable  genus  Kneriaj  the  second  species  of  which 
inhabits  East  Africa.- 

III.  The  Eastern  Sub-reqion. 

As  was  mentioned  in  the  beginning  of  this  Address,  latitude  goes  for  little  in 
the  distribution  of  fish-life.  This  is  proved  by  the  very  marked  difierence  in 
general  character  of  the  fish-faunas  of  Abyssinia  and  Africa  east  of  the  great  Rift 
valley  as  compared  to  the  Nile  and  Central  and  West  Africa.  No  Polypterids 
or  Mastacembelids,  few  Mormyrids,  Characinids,  and  Cichlids,  but  a  great  number 
of  Cyprinids,  mostly  BarbuSy  characterise  this  sub-region.  Omitting  catadromous 
forms,  the  list  of  fishes  consists  of  one  Lepidosirenid,  six  Mormyrids,  eight 
Characinids,  seventy  Cyprinids,  twenty  Silurids,  one  Kneriid,  six  Cyprinodontids, 
and  seven  Cichlids. 

Lake  Tsana,  with  the  upper  aflluents  of  the  Blue  Nile,  diflfers  very  strikingly 
in  its  fishes  from  the  Nile,  with  which  it  has  only  two  species  in  common,  a 
Silurid  {Bagrus  docmac),  and  a  widelv  distributed  Cichlid  (THapia  nUotica\ 
which  occurs  also  in  the  Hawasli  and  in  Palestine.  Nearly  all  the  fishes  are 
Cyprinids,  mostly  of  the  genus  Barbus,  which  bear  close  affinity  to  Syrian  types, 
as  does  also  the  recently  discovered  Loach  {Nemachilus  abymnicus),  so  far  the 
only  known  African  representative  of  that  Europaeo- Asiatic  group.  The  single 
species  of  the  Cyprinid  genus  Vancorhintis  is  also  suggestive  of  South- Western 
Asia,  although  a  second  African  species  inhabits  Lake  Tanganyika,  and  a  third 
has  lately  been  discovered  in  Morocco.  Another  Cyprinid  genus,  DiscognathviS, 
which  is  widely  distributed  over  Southern  Asia,  from  Syria  and  Aden  to  Burma, 
is  represented  by  two  species,  whilst  others  are  known  from  Abyssinia  and  East 
Africa  (Gallaland,  Kenya,  and  Kilimandjaro  districts),  and  one  each  from  the  Nile 
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&nci  Lake  Victoria.  A  remarkable  negative  feature  is  the  absence,  as  in  Byria, 
of  Labeo,  a  genus  abundantly  represented  in  the  Nile,  Senegal,  Niger,  Congo,  and 
Zambesi,  and  Iildia,  and  more  scantily  in  East  and  South  Africa.  It  is  a 
suggestive  fact,  tending  to  show  that,  somehow  or  other,  Lake  Tsana  has  only 
comparatively  lately  been  in  communication  with  the  Nile,  that  the  Varicorkinus 
and  several  of  the  Barbus  are  common  to  this  lake  and  to  some  of  the  rivers  of 
the  eastern  watershed;  whilst  not  one  of  the  Cyprinids  occurs  also  in  the  Nile. 
The  main  stream  of  the  Blue  Nile  has  only  been  explored  up  to  Rosaires,  but  the 
fishes  obtained  in  that  part  of  the  river  do  not  in  any  way  differ  from  those  of 
the  Upper  Nile. 

The  chief  character  of  the  rivers  east  of  the  Rift  Valley  is,  as  already  stated, 
the  number  of  species  of  Barbus.  The  Cyprinids  are  further  represented  by  a 
few  Labeo  and  Discognathus,  by  a  Neobola,  and  by  the  only  African  representa- 
tive of  the  Indo-Malay  genus  Basbora.  The  Mormyrids  are  represented  by  six 
species  only.  The  few  uharacinids  belong  to  the  j^enus  AUstes  and  to  its  near 
allies  Micralestes  and  Petersius,  Of  the  twenty  Silurids,  some  ai'e  widely  distri- 
buted species,  others  are  common  to  the  Nile  or  to  the  Zambesi,  whilst  among  the. 
species  with  a  restricted  habitat  we  note  a  Physailia,  two  Bagrm,  two  Ampkilius, 
a  SynodontiSf  and  two  GW/oj^tonw— altogether  a  poor  8erit»8  as  compared  with  other 
districts  of  Tropical  Africa — and  not  a  single  autochtonous  genus.  A  species  of 
the  remarkable  genus  Kneria,  a  few  Cyprinodontids,  and  a  few  Cichlids  of  the 
genus  Tilapia  complete  what  is  for  a  district  of  that  extent,  well  watered  and 
within  the  tropics,  a  very  meagre  list. 

IV.    The  Southebn  Sub-rbgioit. 

Africa  south  of  the  Zambesi  system  has  a  poor  fresh-water  fish-fauna,  but 
this  is  easily  accounted  for  by  the  intermittent  character  of  most  of  its  rivers. 
The  Hat  I  have  drawn  up  from  available  data  includes  only  fifty  species,  seven  of 
which  are  partly  marine.  When  discussing  the  distribution  of  the  South 
African  fresh-water  fishes  eight  years  ago  Professor  Max  W^eber  compiled  a  li^t 
of  sixty-four  species ;  but  this  included  a  number  of  truly  marine  forms,  occurring 
only  in  estuaries,  besides  a  few  of  very  doubtful  determination,  which  I  am 
obbged  to  leave  out.  The  majority  of  the  exclusively  fresh-water  fishes  are 
Cyprinids,  vix.,  seventeen  Barbus  and  three  Labeo.  Characinids  are  represented 
by  the  widely  distributed  Uydrocyon  UneatuSy  which  occurs  in  the  Limpopo,  and 
the  newly  discovered  Alestes  natalensis,  from  near  Durban.  Three  CVanW,  an 
Eutropius,  a  GephyroglaniSj  and  a  Galeichthvs,  the  latter  semi-marine,  represent 
the  silurids.  The  two  Galaxias,  as  distinguished  by  Castelnau,  the  most  remark- 
able type  of  the  South  African  fish-fauna,  and  the  two  AnabaSj  are  confined  to 
the  south-western  district  of  Cape  Colony.  A  Cyprinodontid  of  the  genus 
Fwndulus  has  been  described  from  False  Bay.  Four  Gobies  and  five  Cichlids  of 
the  genera  Hemichromis,  Paratilapia,  and  Tilapia  complete  the  list. 

Poor  as  it  is  in  fishes,  the  south-western  district — the  Erica  or  Protea  district 
of  Max  Weber — derives  a  special  character  from  the  presence  of  the  genera 
Galaxias  and  Anabas.  The  western  district  is  also  poor,  and  has  only  repre- 
sentatives of  three  families :  Cyprinids,  Silurids,  and  Cichlids ;  whilst  the  eastern 
district,  from  the  Limpopo  system  and  the  tributaries  of  the  Oranf^e  River  to  Natal, 
is  the  richest,  two  families,  Characinids  and  Gobiids,  being  represented  in  addi- 
tion to  the  three  above  named.  The  recent  discovery  in  the  Vaal  River  of  a 
Gephyroglanis,  a  Silurid  genus  otherwise  known  only  from  the  Congo  and 
Ogowe,  deserves  notice. 

Whether  the  subterranean  reservoirs  of  the  Kalahari  are  inhabited  by  fishes, 
86  is  the  case  in  the  Northern  Sahara,  is  still  unknown. 

Excepting  such  forms  as  are  believed  to  have  been  directly  derived  from 
marine  types,  there  is  every  reason  to  regard  the  piscine  inhabitants  of  the  fresh 
waters  of  South  Africa  as  comparatively  recent  immigrants  from  the  North. 
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V.  Madigascab. 

It  is  oxtromely  romArkable  that  this  great  iBland,  which  in  most  groups  of 
animals  sh  ws  so  many  sir.lkiug  features,  should  in  its  fish-fauna  be  one  or  the 
most  in«i/nii:cant  districts  in  the  whole  world.  For,  if  we  exclude  the  numerous 
Grey  Mullets  and  Gobies,  and  a  few  Perches  of  the  genera  Kuhlia  and  AfnbassiSf 
which  live  partly  in  the  sea,  and  probably  mostly  breed  in  salt  water,  the  truly 
fresh-water  fish-fuuna  is  reduced  to  sixteen  species — viz.,  two  Silurids,  two 
Cyprmodontids,  one  Atherinid,  four  Cichlids,  and  seven  Gobiids,  the  latter,  no 
doubt,  recent  immigrants  from  the  sea.  The  Silurids  belong  to  two  distinct 
genera,  L€einonemfif  allied  to  the  African  Chrysichthys^  first  discovered  in  Mauritius, 
and  AnchariuSy  allied  to  the  marine  or  semi- marine  Ariug,  and,  perhaps,  also 
entering  the  sea.  Of  the  four  Cichlids  two  belong  to  a  very  distinct  autocutonous 
genus,  Paretroplus,  whilst  the  two  others  are  respectively  referred  to  the  African 
genera  Tilapia  and  Paratilapia,  The  two  Cyprinodontids  belong  to  the  widely 
distributed  genus  Haplochilus, 

In  concluding  this  sketch,  whilst  looking  back  with  satisfaction  upon  the  rapid 
progress  which  African  ichthyology  has  lately  made,  and  expressing  our  gratitude 
to  the  Governments,  institutions,  and  collectors  to  whom  we  owe  this  progress, 
we  cannot  abstain  from  pointing  out  how  much  remains  to  be  done.  All  the 
great  lakes  are  insufficiently  explored,  and  Ban^velo  has  never  been  fished  for 
scientific  purposes,  whilst  within  the  limits  of  this  colony  an  extensive  collection 
from  the  Upper  Zambesi  is  still  a  desideratum,  and  LakeNgami  is  drying  up  with- 
out any  of  its  fishes  having  been  secured  for  study.  The  fishes  of  the  Congo  above 
Stanley  Falls,  and  of  many  of  its  northern  and  all  of  its  southern  tributaries,  are 
still  unknown.  But  it  is  gratifying  to  observe  the  ever-growing  interest  in  this 
hitherto  somewhat  neglected  branch  of  zoology,  and  I  may  express  the  hope  that 
the  next  decade  will  be  productive  of  even  greater  results  than  have  been  achieved 
within  the  last.  The  privilege  which  has  been  conferred  upon  me  of  addressing 
vou  on  this  occasion  shows  the  appreciation  in  which  systematic  ichthyology  is 
held  by  the  zoologists  of  the  British  Association. 

The  following  Paper  was  read : — 

Receiit   Work  on  Ganietogenesis  a7ul  Us  Bearing  on  Tlieories  of  Heredity, 
By  L.  DoNCASTKR,  M,A. 

Many  years  ago  Weismann  put  forward  the  hypothesis  that  the  material  bearer 
of  hereditary  qualities  is  the  chromatin  of  the  nucleus.  Recent  work  has  made 
it  necessary  to  revise  a  large  part  of  Weismann's  scheme,  but  has  confirmed  the 
central  theory,  that  the  chromosomes  are  the  bearers  of  inherited  characters.  The 
most  recent  work  on  the  maturation  of  the  germ-cells  has  shown  that  they  contain 
a  mechanism  which  seems  precisely  adapted  to  bring  about  that  segregation  of 
characters  which  forms  the  most  fundamental  part  of  the  Mendelian  theory,  and 
it  seems  hardlv  possible  that  the  two  things  are  unconnected. 

That  hereditary  qualities  are  borne  by  the  nucleus  of  the  germ-cell  is  shown 
by  the  fact  that  the  spermatozoon  condsts  of  little  else,  the  tail  being  a  motor 
organ,  and  the  middle  piece  part  of  the  apparatus  for  cell-division.  Further, 
lioveri's  experiments  on  the  fertilisation  of  non-nucleated  fragments  show  that 
when  no  egg-nucleus  is  present  the  inherited  qualities  of  the  larva  are  exclusively 
paternal. 

It  is  also  fairly  certain  that  the  chromosomes  are  the  essential  part  of  the 
nucleus  in  this  connection.  When  an  eg^  {e.g.y  of  a  sea-urchin)  develops 
parthenogenetically  only  half  the  normal  number  of  chromosomes  are  present, 
and  vet  the  larva  is  normal.  But  there  is  evidence  that  the  chromosomes  are 
qualitatively  different  from  one  another,  and  that  wlien  all  the  necessary  kinds 
are  not  present  in  a  cell  that  cell  cannot  develop  further.    This  is  shown  by 
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dispermie  eggs,  in  which  a  auadripoUr  spindle  may  result,  and  ultimately  the  egg 
segments  into  four  cells.  Each  of  these  cells  may  contain  more  than  half  the 
normal  number  of  chromosomes,  but  they  are  irregularly  distributed,  and  in  one 
or  more  cells  one  of  the  chromosomes  necessary  for  further  development  is 
absent,  and  the  cell  remains  inactive.  All  theories  of  this  kind  ]^tulate  the 
individuality  of  the  chromosomes.  That  this  hypothesis  is  true  is  indicated  by 
their  constant  number  and  by  the  fact  that  in  some  species  {e.g.,  Brachyitola^ 
described  by  Sutton)  they  differ  from  one  another  in  size  and  shape,  and  these 
differences  are  constant.  Further,  when  for  any  reason  the  number  becomes 
abnormal,  as  when  an  ef^  develops  parthenogeneticallv,  the  abnormal  number 
persists  in  the  later  cell-divisions  (Boveri,  &c  ).  Moenkhaus  found  that  in  two 
fishes,  Funduhu  and  Memdia^iix^  chromosomes  differed  in  form,  and  when  the  egg 
of  one  was  fertilised  by  sperm  of  the  other  the  two  kinds  of  chromosomes  could 
be  recognised  in  the  mitoses  of  the  embrvo  as  long  as  it  continued  to  develop. 
We  may  therefore  take  the  hypothesis  of  chromosome  individuality  as  probable, 
if  not  certain,  and  proceed  to  consider  its  bearings  on  theories  of  hereditv. 

In  most  of  the  recent  work  on  gametogenesis  it  has  been  established  that  the 
spireme  thread  of  the  primary  spermatocyte  splits  longitudinally  and  then 
segments  into  half  the  number  of  chromosomes  characteristic  of  the  species. 
These  chromosomes  then  split  transversely,  giving  an  equal  number  of  tetrads. 
The  two  maturation  divisions  then  separate  the  four  quarters  of  each  tetrad  into 
the  four  daughter-cells  which  give  rise  to  the  gametes.  Farmer  and  Moore  have 
described  a  slightly  different,  but  exactly  equivalent,  process  in  the  vertebrates 
and  higher  plants,  by  which  the  original  spireme  segments  are  divided  by  one 
transverse  and  one  longitudinal  division  among  the  four  daughter-cells.  It  may 
therefore  be  assumed  that  this  process  is  universal  in  gamete-formation,  the  differ- 
ences being  only  in  detail.  Montgomery,  Gross,  and  others  have  found  in  certain 
insects  and  other  forms  that  the  spireme  of  the  primary  spermatocyte  breaks  up 
into  the  normal  number  of  segments,  instead  of  the  half  number;  these  spbt 
longitudinally,  and  then  become  paired  together  end  to  end.  In  this  way  a 
number  of  tetrads  is  formed  which  is  half  that  characteristic  of  the  somatic  cells 
of  the  species,  as  in  the  cases  referred  to  above.  This  gives  us  definite  evidence 
that  the  spireme  segments  which  appear  in  half  the  normal  number  in  the  more 
common  caaes  are  bivalent,  and  are  equivalent  to  two  chromosomes  attached  end 
to  end. 

It  haa  been  found  by  Gross,  Montgomery,  and  others  that  in  some  insects 
where  this  pairing  of  chromosomes  takes  place  they  differ  from  one  another  in  size, 
and  those  two  miich  pair  together  are  always  alike.  In  BrachyUola  the  chromo* 
somes  are  of  very^  various  sizes  and  shapes,  and  in  all  the  cells,  from  the  fertilised 
egg  up  to  the  primary  spermatocyte,  there  are  two  of  each  kind.  In  the  primary 
spermatocyte  each  pair  of  similar  ones  becomes  coupled  together,  and  also  longitu- 
dmaUy  split,  and  hj  the  two  maturation  divisions  the  four  quarters  of  the  t«trad 
so  formed  are  distributed  into  the  four  cells  which  develop  into  spermatozoa.  As 
this  happens  with  all  the  tetrads,  it  is  evident  that  in  each  spermatid  or  ovum 
there  is  one  chromosome  of  each  kind,  and  when  the  spermatozoon  conjugates 
with  the  ovum  each  introduces  one  of  each  kind,  and  so  the  double  number 
characteristic  of  the  zygote  is  produced. 

From  this  it  appears  that  of  the  couples  of  chromosomes  which  pair  in  the 
primarv  spermatocyte,  one  member  of  each  couple  is  derived  from  the  father,  and  the 
other  from  the  mother,  and  these  are  separated  into  different  gametes  at  the 
reduction  division.  But  since  the  arrangement  of  the  pairs  in  the  equatorial 
plate  is  a  matter  of  chance,  any  gamete  may  receive  a  paternal  chromosome  from 
one  pair  and  a  maternal  from  another.  For  example,  if  the  reduced  number  be 
four  and  the  paternal  chromosomes  be  represented  by  the  letters  A,  B,  C,  D,  the 
maternal  by  a,  b,  c,  d,  then  the  pairs  wiU  be  Aa,  B6,  Oc,  I>d,  and  the  possible 
combinations  in  any  gamete  will  be  A,  B,  0,  D,  A  6,  C,  I),  a,  B,  C,  D,  &c.,  the  total 
number  of  combinations  being  sixteen.  If  now,  using  the  Mendelian  terminology, 
we  regard  the  chromosomes  as  each  bearing  an  allelomorphie  character»  exactly 
the  results  will  follow  which  are  found  in  Mendelian  cases  of  inheritance.    Using 
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the  same  letters,  A  and  a  will  be  allelomorphic  characters  home  by  the  com- 
sponding  chromosomes,  as  are  B,  b,  C,  c,  &c.  The  zjrgote  will  contain  all  eight 
cnromosomee  and  characters,  but  during  gameto-genesis  allelomorphic  characters 
will  of  necessity  become  separated  into  different  germ-cells.  If  in  ihepects  originally 
described  by  Mendel  A  represents  yellow,  a  green,  and  B  represents  round,  b 
wrinkled,  then  gametes  will  be  formed  consisting  of  AB,  \b,  aB,  ah,  but  A  and 
a,  B  and  h  cannot  coexist  in  the  same  gamete.  We  have,  therefore,  in  the 
observed  behaviours  of  the  chromosomes  a  mechanism  which  seems  exactly 
adapted  to  bring  about  a  segregation  such  as  is  postulated  by  the  Mendelian 
theory,  and  it  seems  incredible  that  there  can  be  no  connection  between  the  two 
sets  of  phenomena. 

The  most  obvious  objection  to  the  hypothesis  here  sketx^hed  is  that  the  number 
of  chromosomes  is  much  lees  than  the  characters  which  are  inherited.  It  is 
possible  that  many  characters  are  borne  by  a  number  of  chromosomes  together, 
and  are  not  inherited  in  the  Mendelian  manner.  This  would  account  for  the  cases 
of  blended  inheritance  where  segregation  does  not  take  place. 

But  cases  are  known  where  there  are  more  truly  allelomorphic  characters  than 
there  are  chromosomes,  and  each  chromosome  must  therefore  bear  more  than  one 
such  character.  If  the  chromosome  is  an  individual,  these  characters  must;  always 
be  associated,  and  cases  of  correlation  of  this  kind  are  known.  Coupling  of 
characters  would,  however,  be  much  more  frequent  if  this  were  the  complete 
explanation,  and  we  must  fall  back  on  the  hypothesis  that  the  chromosomes  are 
not  indivisible  units.  At  first  8«ght  this  seems  to  contradict  the  assumption  made 
above  concerning  chromosome  individuality,  but  the  evidence  is  equally  in  favour 
of  the  view  that  chromosomes  are  definite  aggregates  of  individuals,  which  become 
associated  together  at  cell -division.  Several  cases  have  been  described  which 
point  in  this  direction ;  e.y,y  Petrunkewitsch  states  that  there  are  eight  chromosomes 
in  the  female  pronucleus  of  the  bee  and  sixty-four  in  the  blastoderm  nuclei.  In 
A6cari$y  according  to  Boveri,  there  are  two  chromosomes  in  the  fertilised  %^f  and 
in  all  the  nuclei  in  the  '  germ-track,'  but  in  the  somatic  nuclei  they  break  up 
into  a  large  number  of  small  units.  It  seems  possible,  therefore,  that  the  chromo- 
somes are  aggregates  of  smaller  units,  which  reappear  in  the  same  form  at  each 
nuclear  division,  but  not  necessarily  composed  of  exactly  the  same  constituents. 
As  an  analogy  one  may  compare  the  chromosomes  to  boats  of  various  sizes  which 
take  a  party  of  people  across  a  rivor ;  when  the  people  return  (representing 
another  nuclear  division)  there  will  be  the  same  number  of  boats,  each  containing 
the  same  number  of  people,  but  it  is  not  necessary  that  the  persons  in  each  boat 
should  be  the  same  as  at  the  first  crossing.  If  this  hypothesis  is  trae,  it  involves 
the  further  assumption  that  if  a  character  Z  is  transferred  from  chromosome  A  to 
chromosome  B,  then  the  allelomorphic  character  s  must  at  the  same  time  migrate 
from  a  to  b,  for  otherwise  the  pairing  and  separation  of  allelomorphs  could  not  be 
effected.  Probably,  however,  the  formation  and  pairing  of  chromosomes  consLsts  in 
the  association  and  pairing  of  homologous  units,  and  one  can  be  imagined  as  eamly  as 
the  other.  The  mosaics  which  occasionally  occur  may  perhaps  be  accounted  for 
by  the  arrangement  of  homologous  units  in  chromosomes  of  different  pairs. 


THURSDAY,  AUGUST  17. 

The  following  Papers  and  Reports  were  read  : — 

1.  G<Me$  of  Extensive  Mortality  among  Marine  Animcds  on  the  South 
African  Coast y  with  Suggestions  as  to  their  Cause  or  Causes.  By 
J.  D.  F.  Gilchrist,  M,A.,  Ph.D.,  B.Sc. 

In  the  year  18d7  great  numbers  of  fish  were  cast  up  on  the  beach  at  TaUe 
Bay.  This  continued  for  about  three  days.  Some  of  the  fish  were  alive.  Laige 
Bfumbers  of  whales  were  also  cast  up.    In  1880  a  still  more  extenaiva  mortality 
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among  fish  occnrred.  They  were  thrown  up  alive  on  the  beach,  and  their  remains 
a  few  months  afterwards  formed  a  pile  five  to  six  feet  high. 

In  December  of  the  ^ear  1886  a  similar  occurrence  took  place  at  Gape  Recife, 
and  here,  as  in  the  previous  cases,  the  fish  were  of  all  sorts,  including  species  of 
Dentex,  Paffnu,  H<^lognatku8,  and  large  sharks.  Towards  the  end  of  the  year  1903 
the  trawler  at  Mossel  Bay  procured  in  the  net  quantities  of  dead  fiish  in  an 
advanced  state  of  decomposition.  Dead  fish  were  also  seen  floating  about  in  the 
water.  In  September  1904  many  fish  were  cast  up  on  the  beach  alive  or  in  a 
stupefied  condition.  The  sea-temperature  observations  on  this  occasion  indicated 
great  diversity.  On  the  trawling  ground  near  East  London  the  water  was  remark- 
ably warm,  while  at  East  London  the  observations  were  normal,  with  the  sudden 
drop  from  56^  to  50^  between  the  9th  and  10th  of  the  month. 

Cases  of  mortality  among  marine  animals  in  the  tidal  rivers  of  the  east  coast 
are  not  infrequent  on  the  occurrence  of  great  floods. 

On  August  3,  just  before  the  meeting  of  the  British  Association,  an  occurrence 
resembling  those  above  took  place  near  Cape  Town,  at  a  place  on  the  west  coast  of 
the  peninsula  near  Hout  Bay,  and  is  being  inquired  into. 

The  author  suggested  that  these  occurrences  might  be  due  to  a  peculiar  feature 
of  the  Cape  seas,  viz.,  the  great  difference  in  temperature  and  saliuity  and  content's 
of  the  warm  Agulhas  stream  and  the  Antarctic  Drift  Current,  and  expressed  a 
hope  that  his  notes  might  be  of  some  use  in  directing  attention  to  tlus  problem 
and  securing  additional  evidence  in  connection  therewith. 

A  number  of  samples  of  deep-sea  deposits  found  off  the  South  African  coast 
were  shown,  and  attention  was  drawn  to  the  suggestion  that  the  extensive 
occurrence  of  phosphate  of  lime  in  these  deposits,  together  with  organic  remains, 
such  as  sharks  teeth,  earbones  of  whales,  &c.,  might  be  associated  causally  with 
such  occurrences  as  those  enumerated  above. 


2.  Recent  Diacoveriea  in  the  South  Africcm  Deep  Sea, 
By  J.  D.  F.  Gilchrist,  if.il.,  Ph.D,,  B.Sc. 

The  author  gave  a  demonstration  of  the  more  interesting  forms  in  a  collection 
of  deep-sea  animals  shown  in  the  Museum  of  the  South  African  College,  and 
special  attention  was  devoted  to  certain  questions,  such  as  methods  of  reproduction 
of  deep-sea  fish,  the  significance  of  luminous  organs,  and  parasitism.  A  large 
viviparous  deep-sea  fish  (Cataetyx)  and  its  embryos  were  shown,  as  also  the  eggs 
of  Maerurus  fa8ciatus,  secured  from  the  ripe  female  and  also  by  tow-netting  at  a 
depth  of  about  100  fathoms,  some  of  the  latter  containing  embryos.  It  was 
shown  that  the  luminous  organs  were,  in  the  case  of  a  species  of  ScopelttSy  sexiutl, 
and  that  deepnsea  fish  were  much  more  liable  to  be  infested  with  parasitic  copepods 
than  shallow-water  forms. 


3.  The  Ostrich  and  its  Allies.    By  A.  H.  Evans,  M.A. 

This  paper,  being  of  the  nature  of  a  technical  introduction  to  that  of  the  Hon. 
Arthur  Douglass  on  ostrich  farming,  was  chiefly  concerned  with  the  relation  of 
the  Ratito  to  the  Carinato  birds.  The  degeneration  of  birds  in  general  was  dis- 
cussed, as  also  the  loss  of  the  power  of  flight  in  the  '  Struthious '  group.  This  led 
naturally  to  Merrem's  division  of  the  class  Aves  into  Batitee  and  Carinataf  and 
the  slow  though  sure  recognition  which  his  views  obtained.  The  Ratitta  are 
divided^  into  six  orders,  and  the  orders  into  families.  These  families  were  dis- 
cussed in  some  detail  as  regards  the  species  they  contain,  while  the  range  of  each 
species  was  defined. 

4.  On  Ostrich  Farrnvng.     By  the  Hon.  Arthur  Douglass. 

This  paper  dealt  with  the  commencement  of  ostrich  farming  in  1807,  and  its 
growth  up  to  the  present  time. — The  beet  cUmate,  and  general  conditic  ns  for  the 
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iBduBtrv.— Artificial  hatching  as  used  in  the  early  days  of  the  industry. — F^resent 
method  of  rearing  the  chicks. — The  principal  diseases  of  the  birds. — The  present 
different  methods  of  farming  them. — The  improvement  of  the  breed  by  selection 
to  obtain  better  feathers. — The  growth  of  the  export  of  feathers  and  the  range  of 
yalues.~The  habits  of  the  birds  when  sitting. — Whether  the  innate  wildness  of  the 
litds  is  lessened  in  the  offspring  of  domesticated  ostriches. — Prospects  of  the  future 
development  of  the  industry  in  South  Africa,  and  of  its  being  sucoessfully  do* 
veloped  in  other  countries. 

5.  The  R6ls  of  Mucus  in  CorcUa. 
By  Professor  J.  E.  Dubrdbn,  Ph.D. 

Under  ordinary  conditions  the  outer  surface  of  coral  polyps  is  covered  with 
a  thin  continuous  layer  of  mucus,  in  which  objects  falling  upon  the  polyp  become 
embedded  or  entangled. 

When  first  exuded  the  mucus  is  thin  and  watery,  but  later  becomes  more  con- 
sistent. From  time  to  time  it  is  broken  up  into  shreds  and  patches,  which  are 
removed  from  the  surface  of  the  disc  by  the  ordinary  exhalent  currents  from  the 
stomodsBum,  along  with  any  foreign  particles  embedded. 

Nutritive  substances  and  extractives  placed  upon  the  polvp  increase  the  amount 
of  mucus  exuded,  and  also  result  in  an  opening  of  the  mouth  and  the  institution 
of  an  inhalent  stomodseal  current,  by  reversing  the  dominant  outward  beat  of  the 
stomodseal  cilia. 

The  mucus  exuded  as  a  result  of  nutritive  stimuli  is  drawn  down  the  stomo* 
d^um  by  inhalent  currents  in  the  form  of  distinct  streams,  and  carries  with  it 
whatever  substances,  nutritive  or  non-nutritive,  are  embedded  or  entangled  in  it. 

Ingestion  in  coral  polyps  is  thus  purely  mechanical,  depending  upon  what^ 
ever  substances  are  capable  of  producing  an  mward  beat  of  the  cilia,  the  opening 
of  the  mouth,  and  the  exudation  of  mucus.  An  inhalent  current  being  established, 
objects  are  carried  into  the  polypal  cavity  without  regard  to  their  nutritive  value, 
and  independently  of  an^  peristaltic  motion  on  the  part  of  the  stomodsdum. 

In  the  ordinary  activities  of  coral  polyps  inhalent  currents  may  be  occasionally 
instituted  independently  of  any  external  stimuli,  and  these  carry  with  them  any 
inert  objects  resting  upon  the  disc. 

Mucus  is  of  much  importance  in  the  protection  of  the  polypal  surface  from 
foreign  objects ;  it  assists  in  keeping  the  surface  clean,  and  also  in  the  entangle- 
ment and  ingestion  of  prey  and  food  substances. 


6.  Report  on  the  Occupation  of  a  Table  at  tlie  Zoological  Station,  Naples, 
See  Reports,  p.  181. 


7.  Report  on  tlie  *  Index  Animalium,* — See  Beports,  p.  185. 


8.  Report  on  the  Injlaence  of  Salt  aniid  other  Solutions  on  the  Development 
of  the  iVo^.— See  Reports,  p.  175. 


9.  Interim  Report  on  the  Colour  Physiology  of  the  Higher  Crustacea^ 
See  Reports,  p.  187. 


10    Fifteenth  Report  on  the  Zoology  of  the  Sandwich  Islands. 
See  Reports,  p.  186. 
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11.  Report  ail  the  Madreporaria  of  the  Bermuda  Islands. 
See  Reports,  p.  186. 


12.  Report  oil  Xodogy  Organisatuytt, — See  Reports,  p.  186* 


13.  tnierint  Report  on  the  Probability  o/*  Ankylostoma  becomhig  a  Perma- 
nent  hihabitant  of  oUr  Coal  Mines  in  the  Event  of  its  Introduction, — 
See  Report,  1904,  p.  292. 

14.  Report  on  the  Occupation  of  a  Table  at  the  Marine  Laboratory ^ 
Plymouth, — See  Reports,  p.  183. 


15.  Interim  Report  on  the  Effects  of  Sera  and  Antisera  on  tlic  Develop- 
ment  of  the  Sexual  Cells, 


FRIDAY,  AUGUST  IS. 
The  following  Papers  were  read  :-  - 

1.  The  Origin  of  Mammals,     Ry  R.  BrooiT,  U,D,,  D.Sc, 

The  author  believes  that  in  early  Permian  times  a  Cotylosaurian  reptile,  owin|r 
to  its  frequenting  marshy  ground,  took  to  walking  with  its  body  well  supported 
off  the  ^ound.  This  habit  gave  rise  to  the  forward  direction  of  the  ilium,  and  to 
the  pubis  and  ischium  being  turned  backwards,  and  also  to  the  great  development 
of  the  precoracoid.  No  member  of  this  first  stage  in  the  mammalian  line  is  dt 
present  known,  but  Pareiasaurus  is  apparently  a  considerably  modified  offshoot 
from  it. 

The  next  stage  in  the  development  arose  by  the  marsh  animals  finding  that  the 
new  modification  of  the  limbs  was  specially  suitable  for  progression  on  land.  The 
new  type  of  land  animal  was  better  equipped  than  the  normal  reptile,  and  took  to 
predatory  habits  and  became  an  active  carnivorous  animal.  These  early  car- 
nivorous types  form  the  order  of  Therocephalians,  of  which  about  twenty  genera 
are  known. 

Between  the  upper  Permian  and  the  upper  Triassic  times  the  Therocephalians 
gave  rise  to  the  much  improved  Theriodonts  (or  Cynodonts).  These  Theriodont^ 
are  almost  mammals  in  eveir  detail  of  structure.  The  only  essential  difference 
is  that  the  lower  jaw  has  still  a  small  articular  element,  which  hinges  on  a  small 
quadrate  bone. 

The  change  from  the  Theriodont  to  the  mammal  was  probably  brought  about 
by  a  slight  change  of  habit  necessitating  some  antero-posterior  movement  of  the 
jaw.  'Hie  small  quadrate  bone  became  first  a  plate  of  bone  and  then  a  plate  of 
cartilage — the  Inter-articular  cartilage  and  the  dentary  bone  took  the  place  of  the 
articular. 

Neither  the  auditory  ossicles  nor  the  tympanic  have  ever,  in  the  author's 
opinion,  had  anything  to  do  with  the  articulation.  The  mammalian  malleus  is 
held  to  be  the  reptilian  extra-stapedial,  and  the  mammalian  incus  the  supra- 
stapedial.  The  connection  between  Meckel's  cartilage  and  the  malleus,  whicn  is 
hyomandibular,  is  held  to  be  similar  to  that  between  the  extranstapedial  and  the 
mandibular  cartilage  in  the  crocodile.  The  mammalian  tympanic  is  the  homo- 
logue  of  the  distinct  tympanic  bone  of  Anomodonts  and  Therioaonts. 

The  Frimiivi^  Diapsidan  Reptiles, — ^The  author  showed  that  there  are  various 
reasons  for  believing  that  in  addition  to  the  great  radiation  of  Diapsidan  reptiles 
in  Triassic  times  which  gave  rise  to  the  Crocodiles,  Dinosaurs,  Pterodactyles,  and 
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others,  thetie  bad  been  an  earlier  radiation  in  Permian  times  wbtcb  gave  rise  to 
many  types,  most  of  which  have  become  extinct.  These  early  Permian  Diap^dan 
forms  had  notochordal  vertebrse,  plate-like  pubis  and  ischium,  and  a  distinct  pre- 
coracoid.  Procolophon  is  believed  to  be  a  slightly  modified  descendant  of  the 
simplest  Permian  types.  Mesosaurus  and  Stereostemum  are  regarded  as  aquatic 
mooifications,  PalsBohatteria  a  slightly  specialised  semi-aquatic  modification,  and 
the  Pelycosaurs  very  highly  specialised  offshoots  of  the  same  early  type. 


2.  On  some  Earlier  Stages  in  the  Development  of  Peripatus  Balfouri. 
By  W.  F.  PURCBLL,  FLD. 

In  his  well-known  paper  on  the  development  of  the  Cape  species  of  Peripatus  ^ 
Adam  Sedgwick  gives  a  detailed  description  of  the  segmentation  stages  of  the 
ovum  of  Peripatus  Balfouri,  and  he  also  gives  figures  of  a  very  complete  series  of 
stages,  from  the  unsegmented  ovum  up  to  the  formation  of  the  solid  gastruhu 

Now  Sedgwick  states  that  his  drawings  of  the  segmenting  ova  were  made 
from  fresh  specimens,  and  not  merely  from  ova  which  had  been  hardened  by 
chemical  reagents,  and  it  may  therefore,  perhaps,  be  imagined  that  a  subsequent 
investigation  of  the  same  stages  would  not  materially  alter  his  observations  and 
conclusions. 

Some  time  ago  the  author  collected  a  considerable  amount  oi  Peripatus  Balfouri 
material  in  the  Cape  Peninsula,  and  preserved  a  large  number  of  segmenting  oya 
in  the  usual  fixing  fluids,  such  as  picro-sulphuric  acid,  corrosive  sublimate,  &c.,  and 
a  few  were  also  placed  in  a  weak  solution  of  formalin.  He  stated  that  the  oviducts 
containing  the  ova  were  removed  from  the  animal  to  the  formalin  as  rapidly  as 
possible,  so  as  to  avoid  the  possibility  of  the  contact  with  air  injuring  or  altering 
the  ova,  which  were  subsequently  examined  under  the  microscope  m  the  same 
liquid. 

These  formalin  preparations  of  segmenting  ova  differed  remarkably  both  from 
similar  ova  preserved  in  other  reagents  as  well  as  from  the  ova  which  have  been 
figured  by  Sedgwick,  and  the  conclusion  come  to,  after  carefully  examining  a  num- 
ber of  preparations,  is  that  these  formalin  preparations  represent  the  true  condition 
of  the  segmenting  ova,  and  consequently  that  the  ova  examined  by  Sedgwick,  like 
those  preserved  in  picro-sulphuric  acid,  &c.,  had  in  many  cases  been  more  or  leas 
strongly  altered  by  external  influences,  and  no  longer  represented  the  normal  course 
of  the  development. 

The  ovum  of  Peripatus  Balfowiy  according  to  Sedgwick,  is  oval  in  shape, 
slightly  less  than  half  a  millimetre  in  length,  and  lies  within  a  transparent,  rather 
thin  egg-shell.  The  greater  portion  of  the  ovum  consists  of  a  pale,  spongy  mass 
with  a  few  scattered  refractive  bodies.  On  one  side  of  the  egg,  midway  be- 
tween the  two  ends,  is  a  more  opaaue  mass  of  denser  protoplasm,  containing  the 
nucleus,  and  this  point  is  desigoatea  the  dorsal  or  animal  pQle.  The  ovum  first 
divides  into  four  large  cells  by  transverse  and  longitudinal  vertical  cleavages, 
which,  however,  are  only  partial,  not  completely  separating  the  segments.  Then  the 
larger,  cleai'er  portion  of  each  of  these  segments  becomes  separated  from  the  smaller, 
more  opaque,  nucleated  portion  of  protoplasm,  and  gives  rise  to  the  endoderm, 
while  the  latter  forms  the  ectoderm.  Both  continue  to  divide  and  subdivide,  so 
that  the  endoderm  comes  to  consist  of  a  number  of  large  and  small  branched  and 
anastomosing  bodies  without  visible  nuclei,  all  connected  with  one  another  and 
with  the  ectoderm  by  strands  of  protoplasm ;  and  the  whole  embryo  is  therefore  a 
syncytium,  the  only  visible  nuclei  of  which  are  tho.«e  contained  in  the  ectoderm. 

The  author  has,  unfortunately,  none  of  the  very  earliest  segmentation  stages 
preserved  in  formalin,  the  earliest  being  that  in  which  eight  ectodermal  cells  are 
.present.  Viewed  in  transmitted  light  such  an  embryo  has  the  following  appear- 
ance:— 

The  eight  ectodermal  cells,  which  lie  in  two  longitudinal  rows  against  the 
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inner  surface  of  the  eg{^-8hell,  appear  dark  and  opaque,  with  a  lighter  part  repre- 
senting the  nuclei,  while  on  the  free  periphery  of  each  is  a  transparent,  sharply 
defined  portion,  in  which  lie  a  number  of  small  stainable  bodies. 

Underneath  the  ectodermal  epithelium  are  a  larger  number  of  lar^  oval  or 
more  or  less  spherical  cells,  loosely  packed  in  the  remaining  space  within  the  egg- 
shell and  constituting  the  endoderm.  Each  of  these  cells  I'esembles  in  structure 
the  peripheral  portion  of  the  ectodermal  cells,  being  transparent  and  provided 
with  a  number  of  small  stainable  granules,  resembling  yolk  granules.  They  lie  in 
contact  with  one  another  and  with  the  ectoderm,  and  have  clear  convex  contours, 
except  where  two  are  pressed  together,  when,  of  course,  their  surfaces  are  more 
or  less  flattened.  In  no  case  were  any  anastomosing  branches  connecting  these 
cells  with  one  another  or  with  the  ectodermal  cells  observed,  and  the  liquid  inter* 
spaces  were  perfectly  clear. 

Now,  if  such  an  embryo  is  compared  with  a  similar  stage  preserved  in  picro- 
sulphuric  acid,  &c.,  and  subsequently  hardened  in  alcohol,  it  is  seen  that  while  the 
opaque  portions  of  the  ectodermal  cells  remain  the  same,  their  transparent  peri- 
pheral portions,  as  well  as  the  whole  endodermal  mass,  become  to  a  great  extent 
disrupted  by  the  bursting  of  their  delicate  membranes  and  the  scattering  and  con* 
traction  of  their  contents,  and  we  get  preparations  resembling  some  of  those  drawn 
by  Sedgwick. 

The  subsequent  development  of  the  embryo  takes  place  as  follows : — 

All  the  cells  divide  and  subdivide,  and  when  there  are  about  thirty-two  ecto- 
dermal cells  the  endoderm  becomes  grouped  into  several  masses,  the  greater  part, 
however,  congregating  towards  the  two  ends  of  the  egg-shell.  At  the  same  time 
the  endoderm  contracts  greatly  in  bulk,  becoming  quite  opaque  and  adhering  in 
two  or  several  masses,  or  in  the  form  of  a  ring,  to  the  periphery  of  the  ectodermal 
epithelium.  As  the  endoderm  decreases  in  bulk  the  clear  liquid  in  which  it  lies 
within  the  egg-shell  increases  in  the  same  degree,  and  ultimately  occupies  a  much 
larger  space  than  does  the  whole  embryo.  Soon  afterwards  the  whole  endoderm 
comes  together,  forming  an  apparently  solid  mass,  round  which  the  ectoderm 
grows  like  a  case.    This  stage  represents,  then,  the  solid  gastrula. 

Sedgwick  correctly  observed  this  aggregation  of  the  endoderm  at  the  final  stage, 
and  explains  the  process  by  assuming  that  his  branched  endodermal  cells  were 
amoeboid  and  capiible  of  independent  movement,  and  that  they  wander  towards 
the  periphery  of  the  ectoderm. 

The  true  explanation  of  the  process  is  as  follows : — 

When  the  endoderm  begins  to  aggregate  itself  into  masses  the  liquid  within 
the  endodermal  cells  passes  out,  so  that  the  latter  contract,  their  protoplasm 
becomes  denser  and  firmer,  and  as  the  cells  were  always  in  contact  with  one 
another  and  with  the  edges  of  the  ectodermal  plate,  they  simply  leave  the  lower 
part  of  the  egg-eheU  and  are  drawn  mechanically  towards  the  edge  of  the  ectoderm. 


3.  Habits  and  Pecvliaritiea  of  soma  South  African  Ticks, 
By  C.  P.  LouNSBURY,  B.Sc,  F.E.S.—See  Reports,  p.  282, 


4.  The  Buccal  Apparatus  of  a  Tick  {Hasmaphysalis  punctata  C,  and  F.), 
By  Gbobob  H.  F.  Nuttall,  F.B.JS.,  W.  F.  Ooopbr,  B.A.,  and 
R.  D.  Smedlky,  M.B. 

Although  the  external  features  of  ticks  have  been  repeatedly  described,  very 
little  work  has  been  done  on  the  internal  anatomy,  this  doubtless  owing  to  the 
difficulty  of  demonstrating  delicate  structures  which  are  enclosed  within  thick  and 
tough  chitinoos  parts.  Although  our  work  has  only  reached  a  preliminary  stage, 
we  have  thought  that  it  would  be  of  interest  to  present  a  paper  on  the  subject, 
especially  to  a  meeting  of  biologists  in  South  Africa,  where  ticKS  are  a  source  of 
more  than  usual  interest,  since  the  part  they  play  in  conveying  certain  fatal 
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protozoal  diseases  to  domeeticated  animalfl  has  been  fully  demoodtrated.  We 
reeerve  a  detailed  treatment  of  the  subject  for  a  future  |^[»er. 

A  tick  is  a  headless  creature  whose  brain  lies  within  its  body.  The  so-called 
<  head'  is  really  made  up  of  mouth  parts  and  appendages  which  protrude  from  the 
body  anteriorly,  the  whole  being  termed  the  rostrum.  The  roetrum  consists  of  a 
baaal '  riug '  of  thick  chitin,  which  articulates  posteriorly  with  the  '  dorsal  shield/ 
and  is  continuous  laterally  and  Tentrally  with  the  softer  and  thinner  integument  of 
the  front  of  the  body.  The  ring  bears  two  palps,  two  mandibles,  and  a  hypostom« 
(representing  the  fused  maxillie  of  other  Aracbnida). 

The  palps  are  tactile  organs,  are  articulated  antero-laterally  upon  the  ring,  and 
do  not  serve  as  organs  for  penetrating  the  skin ;  in  fact,  when  the  tick  is  fixed  upon 
the  skin  of  the  host  the  palps  are  turned  outwards  at  right  angles  to  the  remaining 
mouth  parts.  The  boring  organs  are  the  mandiblep,  which  lie  side  by  side  dorsally, 
and  the  hypostome  situated  ventrally  to  the  preceding. 

The  mavdibles,  which  are  homologous  with  the  ch<3Ucer8S  of  Arachnida,  consiat 
of  long  tubular  first  joints ;  the  latter  are  enveloped  in  sheaths  and  pass  out  from 
the  body  through  the  ring,  the  chitin  of  which  is  continuous  with  a  thick  outer 
mandibular  sheath  which  folds  backwards  distally.  This  outer  sheath  is  provided 
with  minute,  closely  ranged,  recurved  teeth  which  give  the  surface  a  shagreened 
appearance  dorsally  and  laterally.  The  sha^rreened  sheath  may  be  compared  to  a 
pair  of  trousers,  the  chitin  at  the  '  waist '  being  continuous  with  the  ring  and  then 
dividing  to  form  the  two  legs,  only  that  the  legs  cohere  along  the  inner  seam,  and 
at  the  end  of  the  trousers  leg  the  chitin  again  folds  inward  and  backward,  ulti- 
mately fufiing  with  the  inner  sheath,  which,  so  to  speak,  represents  the  under- 
clothes. These  sheaths  obviously  permit  of  considerable  antero-posterior  movement 
of  the  tubular  joint  of  the  mandible.  The  latter  ends  distally  in  a  second,  short- 
toothed  joint  presenting  a  rery  minute  and  delicate  structure  which  would 
require  a  too  len^hy  description  for  this  occasion.  It  consists  of  a  first  article, 
formed  basally,  like  a  knuckle,  and  articulating  upon  the  extremity  of  the  tubular 
first  joint.  This  article  contains  a  cavity  communicating  backward!;^  with  the 
'  tube'  and  outwardly  through  a  pore  in  the  end  of  the  toothed  process,  in  which  it 
terminates  distally.  A  second  article  is  articulated  upon  the  outer,  and  a  third 
upon  the  dorsal  surface  of  the  first  article ;  and  these,  which  are  also  provided 
with  sharp  teeth,  contain  cavities  which  are  continuous  with  that  of  the  first 
article.  Two  sets  of  muscles  which  run  within  the  tube  move  this  tooth-complex 
from  side  to  side ;  a  more  powerful  external  set  joins  on  to  a  stout  tendon  runnin;r 
to  the  outer  protuberance  of  the  '  knuckle ' ;  a  much  weaker  set  pulls  on  a  more 
delicate  tendon  running  into  the  internal  protuberance.  As  was  shovm  by  lan- 
tern-slides, the  sharp  recurved  teeth,  especially  of  the  second  article,  are  turned 
outward,  consequently  these  serve  as  organs  u)r  penetrating  the  skin,  and,  whec 
everted,  literally  anchor  the  parasite.  It  is  obvious  why  the  muscles  which  evert 
the  second  article  should  be  more  powerful  than  the  internal.  Apart  from  this, 
the  mandible  as  a  whole  is  retracted  by  powerful  muscles  running  from  the  dorsal 
shield  of  the  tick  to  the  inner  end  of  the  tube  and  its  sheath.  The  firm  shagreened' 
double-barrelled  sheath  gives  an  additional  hold  and  mater  rigidity. 

The  hypostome  protrudes  forwards  like  the  under-bill  of  a  duck ;  posteriorly  it  is 
continuous  with  the  thick,  chitinous  ring.  Its  ventral  surface  is  covered  with 
stout  recurved  teeth,  and  on  its  dorsal  surface  is  a  median  V-shaped  groove.  The 
hypostome  is  in  close  contact  with  the  mandibles,  and  is  dragged  into  the  wound 
formed  by  the  latter.  Once  it  has  entered  it  secures  a  firm  hold  by  means  of  its 
recurved  teeth.  The  hypostome  is  thickened  and  expanded  at  its  base,  where  its 
external  surface  fuses  with  the  basal  ring,  and  its  internal  (dorsal)  surface  gives 
rise  to  the  attachments  of  the  upper  end  of  the  alimentary  canal. 

The  buccal  cavity^  as  we  term  the  commencement  of  the  alimentary  canal,  is  a 
small  shallow  space  enclosed  by  chitinous  walls.  A  thickening  of  the  fused 
sheaths  of  the  mandibles,  and  a  backward  prolongation  from  the  base  of  the 
hypostome,  form  respectively  the  roof  and  floor  of  Siis  space,  which  is  completed 
laterally  by  thick  masses  of  chitin  joining  these  two  parts.  A  groove,  continuous 
with  that  on  the  dorsal  siurface  of  the  hypostome,  runs  along  the  floor  of  this 
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the  floor  of  the  mouth,  we  come  to  an  apertaie  leading 

into  the  pumping  organ ;  the  greater  part  of  this  organ 

lies  Tentrally  in  the  ring,  although  it  extends  within  the  hodj,  to  end,  somewhat 
abruptly,  in  the  oaeophi^s. 

The  pump  and  adjoining  oesophagus  are  lined  with  chitin.  On  cross- 
section  the  pump  is  seen  to  be  roughly  quadrangular,  the  top  being  furrowed 
longitudinally  like  a  V,  the  bottom  showing  the  same  structure  reversed.  Power- 
ful muscles  attached  to  the  ring  and  the  pump  serve  to  expand  its  lumen; 
another  set  of  muscles  causes  contraction,  and  m  this  respect  the  mechanism 
of  the  pump  in  the  tick  is  more  complicated  than  that  of  the  somewhat  similar 
structure  which  was  described  in  the  mosquitoes  by  Nuttall  and  Shiple^ir  (1903). 
(In  this  inflect  the  chitinous  walls  are  caused  to  rebound  by  their  elasticity,  with- 
out the  aid  of  contractor  muscles.)  At  the  anterior  dorsal  surface  of  the  pump 
there  is  a  thickened  portion  of  chitin,  which  in  cross-section  appears  triangular 
with  the  apex  pointing  downward ;  and  on  either  side  of  this,  exceedingly  minute 
chitinous  spicules,  arranged  like  a  comb,  protrude  into  the  lumen;  a  somewhat 
analogous  structure  was  described  at  the  posterior  end  of  the  pump  in  mosquitoes 
by  the  above-mentioned  observers.  Returning  to  the  buccal  cavity,  it  is  seen  to 
end  ^teriorly  in  a  blind  pouch,  which  lies  dorsally  to  the  pump.  On  either  side 
of  this  pouch,  between  it  and  the  pump,  lie  the  salivary  ducts ;  these  run  forward 
for  a  short  distance  and  open  into  the  pouch,  close  to  where  the  latter  joins  the  pump, 
to  form  the  buccal  cavity.  Thev  possess  a  structure  ('spiral  thread [)  similar  to 
that  of  trache»,  and  will  be  considered  later  in  conjunction  with  the  salivary  glands. 
These  ducte,  two  in  number,  are  very  delicate  and  of  considerable  size ;  as  they 
approach  the  buccal  cavity,  they  pass  through  a  thickened  chitinous  foramen  whose 
function  appears  to  be  to  keep  them  patulous.  We  have  failed  to  detect  any 
pumping  structure  for  the  secretion. 

We  find  that  previous  authors  appear  to  have  misunderstood  the  buccal 
mechanism;  for  the  few  who  have  attempted  to  fic^re  it  (Heller,  Pagenstecher, 
Macleod)  have  not  represented  the  structure  accurately. 

Space  and  time  do  not  permit  us  to  give  a  description  of  other  parts  of  the 
tick.  Hitherto  the  want  of  material  has  hindered  us  in  our  work  on  the  well- 
known  pathogenic  ticks  of  South  Africa.  Therefore,  before  concluding  our  paper, 
we  take  this  opportunity  of  mentioning  to  those  interested  in  tick-diseases  that 
their  co-operation  in  collecting  material  for  us  will  greatly  aid  this  research. 


TUESDA  Z  AUGUST  29. 
The  following  Papers  were  read : — 
!•  Pearl  Oysters  and  Pearls.    By  Professcr  W.  A.  Hebdman,  F.R.S, 

2.  Cepkalodiscus.^    By  Dr.  S.  F.  Harmer,  F.B.S. 


3.  Defnoruftraluyn  q/'Ankylostoma  Preparatiom, 
By  A.E.  Shipley,  F.B.S. 


>  Published  in  Beportsqftke  Siboga  Empeditum. 
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JOHANNESBURG. 

WEDNESDAY,  AUGUST  30. 
The  following  Papers  were  read : — 

1.  Mimicry  in  South  African  Insects.    By  Professor  E.  B.  PouLTON,  F,R,S, 

2.  Tlie  Migration  of  Birds  in  the  tionthern  Heniispfiere,^ 
By  W.  L.  ScLATBK,  M.A. 


3.  On  sofne  South  African  Laivd  Pla/narians. 
By  Dr.  U.  Ltster  Jameson. 

Some  dozen  species  of  Land  Planarians  have  recently  been  collected  in  Natal, 
all  of  which,  witn  the  exception  of  the  cosmopolitan  and  imported  PUtcocephalm 
kewensiSf  are  new  and  are  provisionally  referred  to  the  essentially  African  genus 
Amblyplana,  The  lack  of  anatomical  data  makes  it  impossible  to  accurately 
define  the  limits  of  this  genus.  These  Natal  forms,  five  of  which  have  been 
studied  anatomically,  although  they  approximate  externally  to  Amblyplana^  and 
in  certain  cases  to  other  allied  genera,  are  anatomically  very  close  to  the  highly 
specialised  Artiocotylus,  lliey  agree  with  this  genus  in  the  possession  of  a 
specialised  uterus  connected  with  the  fused  oviducts  by  a  short  stalk.  Outaide 
these  South  African  forms  this  uterus  is  unknown  among  Land  Planarians,  if  we 
except  Hhyncodemus  acharffi,  a  form  described  by  v.  Graff  from  Ireland,  and 
regarded  as  doubtfully  indigenous. 

Von  Graff  regards  this  uterus  in  Artiocotylus  as  homologous  with  the  dorsal 
outpowths  of  the  genital  atrium  found  in  other  forms,  and  treats  its  connection 
with  the  fused  oviducts  or  '  Driisengang '  as  secondary,  and  the  stidk  of  the  uterus 
as  the  original  connection  between  the  uterus  and  the  atrium. 

The  discovery  of  two  forms  which  the  author  is  describing  elsewhere  as  Ani' 
blyvlana  viridis  and  A,  natalensis,  in  which  the  stalk  of  fhe  uterus  is  not  present 
ana  the  relations  are  much  the  same  as  in  Rhyncodemua  ackarfi  among  Land 
'PhuasntLUSf  Planarta  polyc/iroay  P.  alberscina  and  P.  yonocephala  among  Paludicola 
and  Gunda  uIvcb  among  Maricola,  suggests  that  this  diverticulum  is  really  to  be 
compared  to  the  uterus  of  aquatic  forms. 

From  Amblyplana  viridis  with  a  simple  vagina  and  '  Driisengang '  giving  oft 
the  dorsal  uterus  various  modifications  can  be  traced. 

The  vagina  may  be  provided  with  a  special  musculature  (as  in  the  species  the 
author  is  describing  as  A,  natalensis),  a  direct  connection  (stalk  of  the  uterus)  may  be 
developed  between  the  uterus  and  the  genital  pore  (as  in  Artiocotylus  4peeiosus, 
V.  Graff,  and  another  of  the  Natal  forms),  and,  finally,  the  stalk  of  the  uterus  may 
be  specialised  as  a  musc^dar  copulating  organ,  as  in  two  other  forms. 


4.  Locust  Destruction  in  the  Transvaal^  Season  1904-5.    By  C.  B.  Simpson. 

The  subject  was  treated  under  the  following  headings : — 

1.  Eigumi  of  past  mvasions  of  the  Transvaal.  2.  Species  of  locusts  concerned. 
3.  Life  history  of  locusts:  a.  Brown  locusts;  b.  Purple  locusts.  4.  Paths  of 
migration  in  the  Transvaal.  5.  Distribution  of  locusts  in  the  Transvaal,  season 
1004-5.  6.  Natural  enemies.  7.  Methods  of  artificial  destruction:  Mechanical; 
Spraying,  oils,  soap,  and  arsenical  spraying ;  Locust  fungus.  8.  Results  of  locust 
campugn.    9.  Plan  for  future  campaigns. 


To  be  published  in  the  Journal  of  the  South  Afriean  Ornithological  Union* 


TRANS4C3TIONS  OF  SECTION  1).  443 

FRIDAY,  SEPTEMBER  1. 

The  following  Papers  were  read : — 

1.  Con/vergerU  Hvolution,  <m  iUustrated  by  the  Litoptema,  a  Group  of 
Fossil  UnguUUa  in  Patagonia.     By  Professor  W.  B.  Scott. 

While  Conyergent  Evolution  is  admitted  by  most  naturalists  to  be  a  frequent 
and  important  phenomenon,  there  is  a  great  difference  of  opinion  as  to  how  nearly 
identical  the  results  of  such  a  mode  of  development  might  be.  So  far  as  the 
Litoptema  are  concerned,  there  are  striking  resemblances  to  certain  PerissodactyU 
in  teeth,  skull,  and  skeleton,  but  the  differences  are  many  and  fundamental.  It 
does  not  appear  at  all  likely  that  so  complex  a  structure  as  a  mammalian  skeleton 
was  ever  produced  in  identical  terms  by  two  independent  series. 


2,  A  NeurO'Syncytial  Theory  of  DevelopmerU, 
By  Dr.  W.  H.  Gaskkll,  F.R.S. 

The  author  referred  to  his  theory  of  the  origin  of  Vertebrates,  and  pointed  out 
that  it  was  based  upon  the  paramount  importance  of  the  central  nervous  system  as 
the  chief  factor  in  the  upward  progress  of  the  animal  kingdom.  Every  line  of 
investigation  pointed  to  the  conclusion  that  the  vertebrate  arose  from  that  group 
of  invertebrates  which  possessed  a  central  nervous  system  most  nearly  similar  to 
that  of  a  low  vertebrate,  such  as  Ammocotes — an  invertebrate,  therefore,  belonging 
to  the  i^roup  of  Arthropods.  This  argument  had  been  worke^i  out  by  the  author 
in  a  series  of  papers  published  in  the  *  Journal  of  Anatomy  and  Physiology,'  and 
receives  especud  support  from  the  palsduntological  record.  For  the  dominant  race 
now,  the  biped  mammal  man,  arcse  undoubtedly  from  the  highest  race  evolved  up 
to  that  time,  the  quadrupedal  mammals ;  these  in  their  turn  originated  from  the 
dominant  reptiles,  these  again  from  the  amphibians,  which  were  the  most  highly 
oiganjsed  group  at  the  time.  The  amphibians  themselves  came  from  the  dominant 
race  living  in  the  sea  at  the  time,  the  fishes ;  and  so,  too,  according  to  the  author's 
theory,  the  fishes  arose  directly  out  of  the  race  dominant  at  the  time,  i.e.,  the 
arthropod  group.  This  theory  necessitates  the  formation  of  a  new  alimentary 
canal  at  the  transition  from  the  arthropod  to  the  vertebrate ;  a  requirement  which 
is  no  more  unlikely  than  the  formation  of  a  new  respiratory  apparatus  at  the  tran- 
sition of  a  fish  into  an  amphibian.  The  reason  why  others  have  found  this  forma- 
tion of  a  new  alimentary  canal  so  difficult  of  acceptance  is  because  embryology, 
and  embryology  alone,  in  its  recent  teaching  makes  the  alimentary  canal,  and  not 
the  central  nervous  system,  the  important  organ  around  which  an  animal  is  built 
up.  The  author,  baling  himself  especially  on  Braem's  papers  in  the  '  Biologisches 
Centralblatt/  pointed  out  that  in  reality  the  germinal-la^er  theory  was  a  physio- 
logical and  not  a  morphological  conception ;  that  the  one  criterion  of  hypoblast  was, 
not  its  mode  of  formation,  out  its  ultimate  fate,  whether  or  no  the  definite  alimen- 
tary canal  was  formed  from  it.  Morphological  laws  of  development  must  exist, 
but,  to  quote  Samassa, '  one  thing  can  be  said  with  certainty  at  the  present  time : 
the  germinal-layer  theory  is  not  one  of  them.'  The  author  suggested  a  reconsidera- 
tion of  the  whole  matter,  and  starting  with  the  adult  pointed  out  that  the  tissues 
of  the  body  fall  naturally  into  two  great  groups :  those  which  are  connected  with 
the  central  nervous  system— the  master  tissues  of  the  body — and  those  which  live 
a  free  existence  without  any  such  connection.  The  body  may  be  looked  upon  as 
composed  of  a  neuro-epithelial  syncytium  in  the  meshes  of  which  free  cells  live. 
The  author  then  considered  the  evidence  for  such  a  neuro-epithelial  syncytium, 
and  showed  how  a  one-layered  blastula  must  result  from  the  coming  together  ot 
the  neural  and  epithelial  moieties  as  we  pass  from  the  adult  to  the  embryo.  He 
then  discussed  the  nature  of  the  second  ^roup  of  cells,  those  not  connected  with 
the  central  nervous  system,  and  suggested  that  they  owe  their  origin  to  the  germ 
cella.  This  led  to  the  further  suggestion  that  the  Metazoa  arose  from  the  Protozoa 
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by  the  formation  of  a  mortal  neuro-epithelial  host,  which  carried  round  the  immortal 
germ  cells.  The  diffeientiation  of  the  host  gave  rise  to  the  central  nervous  system 
and  all  tissues  connected  with  it.  The  differentiation  of  the  free  living  germ  cells 
gave  rise  to  the  *  archueocytes/  as  Minchin  calls  them,  from  which  arose  the  mesen- 
cbymatous  tissues.  This  conception  of  the  manner  in  which  the  body  is  built  up 
puts  the  central  nervous  system  in  its  right  place,  as  the  main  factor  in  the  forma- 
tion of  tlie  individual  or  host  from  the  embryological  point  of  view,  just  as  it  is  the 
main  factor  in  the  development  from  the  phylogenetic  point  of  view.  Finally,  as 
pointed  out  by  the  author  in  his  last  paper  in  the  *  Journal  of  Anatomy  and  Phy- 
siology/ vol.  xzzix.  p.  371,  the  manner  m  which  the  neural  canal  of  the  vertebrate 
is  formed  is  on  this  theory  the  necessary  consequence  of  the  disuse  of  the  ol  dali- 
mentary  canal  of  the  arthropod  ancestor. 


3.  On  the  Growing-point  in  the   VerUbrata, 
By  Professor  J.  Clbland,  Jf.Z>.,  F,R.S, 

It  is  well  known  that  the  medullary  folds  appear  in  close  connection  with  the 
primitive  streak  or  blastopore,  and  that  the  parts  concerned  with  the  cranium  and 
its  contents  are  the  first  to  appear,  while  both  the  mesoblastic  somites  and  spinal 
nerves  appear  in  succession,  each  metamere  behind  that  which  is  immediately 
proserial  to  it.  It  follows,  therefore,  that  it  is  from  the  short  space  between  the 
medullary  folds  and  blastopore  that  new  metameres  of  the  neuro-muscular  system 
are  formed,  and  there  is  no  reason  to  doubt  that  the  visceral  system  is  extended 
in  the  same  manner. 

The  nucleated  corpuscles  of  this  region  furnish,  therefore,  the  parents  of  the 
corpuscles  of  which  the  successive  metameres  of  the  trunk  are  composed,  and 
they  do  so  by  giving  off  successive  series  of  corpuscles  which  belong  each  to  a 
particular  metamere.  This  is  precisely  comparable  with  the  early  development  of 
Aurelia,  in  which  successive  mdividuals  appear  each  between  those  previously 
formed  and  the  main  or  permanent  part  of  tne  strobilus.  It  is  just  as  in  Aurelias, 
future  separate  individuals  are  given  off  successively  from  a  corpuscular  mass,  the 
parent  of  the  whole  series. 

The  ovXj  difference  between  these  young  Aurelite  and  the  metameres  of  a 
vertebrate  is  that  each  becomes  in  the  long  run  completely  free  from  all  the 
others.  This  makes  it  clear  that  the  metamerism  of  the  vertebrata,  and  indeed 
all  metamerism,  is  of  the  nature  of  incomplete  reproduction.  In  the  head  the 
metamerism  is  less  complete  than  in  the  trunk,  but  the  growth  of  successive  parts 
is  distinctly  in  the  face  proserial — that  is  to  say,  from  behind  forwards  to  the 
extremity  of  the  nose  and  intermaxillary  region.  Thus  the  axial  structure  of  the 
vertebrate  animal  takes  place  in  two  directions  from  a  startinff*point  at  the  back 
of  the  head ;  and  it  may  not  be  amiss  to  recollect  that  the  vital  node  of  Fleurens 
is  situate  in  the  neighliourhood  of  this  starting-point,  and  also  that  in  the  higher 
divisions  of  the  vegetable  kingdom  we  have,  in  like  manner,  the  plumule  and 
radicle  taking  opposite  directions  from  a  common  starting-point. 
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Section  B. -GEOGRAPHY. 

Presiobnt  of   the  Section — Rear- Admiral  Sir  W.  J.  L.  Wharton, 

K.aB.,  F.R.S. 


CAPE  TOWN. 

WEDNESDA Y,  A  UGUST  16. 

The  President  delivered  the  following  Address : — 

It  is  sometimes  denied  to  Geography  that  she  has  any  right  to  consider  herself  as 
a  science,  the  objection  being  apparently  founded  on  the  yiew  that  it  is  a  subject 
that  can  be  learnt  by  heart,  but  not  studied  on  an^  systematic  line  or  reduced  to 
principles  which  enable  advance  to  be  made,  as  in  the  more  exact  sciences,  by 
continual  investigation  by  means  of  laws  discovered  in  the  course  of  such  investi- 
gation. This,  it  appears  to  me,  is  a  misapprehension  dae  to  an  incomplete 
recognition  of  what  Science  is,  and  of  what  Geography  is. 

Science  is,  in  its  simplest  interpretation, '  knowledge,'  such  knowledge  as  comes 
from  an  intimate  acquaintance  with  and  studjr  of  any  subject  dul^  co-ordinated 
and  arranged.  The  subjects  which  the  advancing  education  and  civilisation  of  the 
world  have  caused  to  be  minutely  studied  are  very  many,  and  as  knowledge  has 
increased  specialisation  has  become  a  necessityi  until  the  list  of  sciences  is  very 
long. 

Science  may  be  broadly  divided  into  several  categories. 

Pure  or  Exact  Science,  such  as  Mathematics ;  Natural  or  Physical  Science, 
which  rests  on  observations  of  Nature ;  Moral  Science,  which  treats  of  all  mental 
phenomena. 

Some  Sciences  are  of  ancient  foundation,  some  have  arisen  from  new  inquiries 
and  needs  of  man,  or  from  fissure  in  subjects  too  wide  for  convenient  treatment 
as  one. 

Many  of  them  are  capable  of  exact  definition,  and  their  boundaries  and  limits 
can  be  well  marked. 

To  others  no  very  distinct  limitations  can  be  assigned.  From  their  nature  they 
overlap  and  are  overlapped  by  other  subjects,  and  it  is  impracticable  to  confine 
thsm  by  a  strict  line. 

Geography  is  one  of  the  latter. 

Geography  is  one  of  the  most  ancient  subjects  studied  with  a  view  of  co« 
ordinating  facts.  A  desire  for  exact  knowledge  of,  first,  the  bearings  and  distances 
of  one  puuse  from  another  for  the  purposes  of  intercommunication  must  have 
arisen  as  soon  as  men  became  collected  into  groups  whose  growing  civilisation  and 
needs  required  travel  to  obtain  what  could  not  be  obtained  in  the  community. 
This  was  the  earliest  form  of  Geography,  and  it  is  an  aspect  which  still  remains, 
and  to  some  is,  in  the  modern  shape  of  maps,  the  principal,  if  not  the  sole,  end  of 
Geography.  / 
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From  the  earliest  times,  however,  geographical  information  included  other  than 
topographical  data. 

It  was  soon  found  that  for  the  traveller  and  Atatesman,  whether  in  peace  or 
war,  more  was  wanted  to  euahle  Geography  to  supply  requirements. 

The  nature  of  a  country,  the  supply  of  food  and  water,  the  character  of  the 
rivers,  the  manners  and  customs  of  the  inhahitants,  their  langruage  and  affinities, 
the  climate,  and  other  matters,  were  all  of  much  moment,  and  Geography  dealt 
with  them  all,  being,  as  its  name  denotes,  in  the  broadest  sense  a  '  description  of 
the  earth.* 

After  the  first  crude  guesses  of  relative  positions,  founded  on  times  occupied  on 
journeys,  other  knowledge  was  enlisted  in  the  cause. 

Astronomy  was  soon  recognised  as  the  only  means  by  which  to  ascertain  the 
distances  of  places  far  apart  and  separated  by  seas,  but  for  many  centuries  this 
could  only  be  applied  to  latitude.  Still  the  scientific  geographer  hiftd  to  study  and 
use  the  astronomical  and  geodetic  rcethods  known. 

As  knowledge  increased,  the  subjects  became  too  wide  to  be  strictly  considered 
as  one  study,  and  many  have  become  the  objects  of  special  research  under  different 
titles. 

Geodesy  deals  with  the  precise  form  of  the  earth  and  its  dimensions. 

(reology  studies  the  nature  of  the  materials  forming  the  earth*s  crust,  and  the 
changes  in  it  in  past  ages. 

Ethnology  and  Anthropology  treat  of  the  different  races  of  mankind. 

The  study  of  Economics  takes  note  of  the  conditions  of  communities  and  nations, 
their  laws  and  systems  of  government. 

Botany  and  Zoology  now  concern  themselves  with  the  details  of  vegetable  and 
animal  life. 

Archeology  investigates  the  remains  of  past  civilisations  which  cover  the 
earth. 

Meteorology  strives  to  unravel  and  reduce  to  law  the  complicated  oonditions 
of  the  atmosphere,  its  continual  movements^  and  the  results  which  have  such 
varying  effect  on  our  daily  life. 

Oceanography  J  the  study  of  the  phenomena  of  the  sea  as  distinct  from  the  dry 
land,  is  still  regarded  as  an  integral  part  of  Geography,  but  is  rapidly  becoming  a 
subject  by  itself. 

Of  all  these  subjects  Geography  may  be  considered  to  be  the  parent ;  and  though 
the  family  be  large  and  has  gone  off  on  many  separate  lines,  it  is  necessary  when 
taking  a  large  and  comprehensive  view  of  the  united  results  of  knowledge  thus 
gained,  especially  from  the  point  of  view  of  Distribution,  to  return  to  that  parent 
and  consider  them  on  a  general  or  geographical  basis. 

I  cannot  pretend  to  define  Geographical  Science  in  a  clearer  or  shorter  form 
than  that  in  which  it  has  been  already  put  by  General  Sir  Kichard  Strachey,  and 
I  will  quote  his  words  : — 

*  To  investigate  and  delineate  the  various  features  of  the  earth,  to  study  the 
distribution  of  land  and  sea,  and  their  effects  upon  climate,  the  configuration  and 
relief  of  the  surface,  positions  on  the  globp,  and  so  forth,  facts  which  determine 
the  existent  conditions  of  various  parts  of  the  earth,  or  which  indicate  former  con- 
ditions, and  to  ascertain  the  relations  that  exist  between  those  features  and  all 
that  is  observed  on  the  earth.' 

Strabo,  in  the  opening  words  of  his  introduction  to  his  great  Geography,  puts 
it  thus : — 

'If  the  scientific  investigation  of  any  subject  be  the  proper  avocation  of  the 
philosopher.  Geography,  the  science  of  which  we  propose  to  treat,  is  certainly 
entitled  to  a  high  place.  In  addition  to  its  vast  importance  in  rega^  to  social 
life  and  the  art  of  government,  Geography  unfolds  to  us  the  celestial  phenomena, 
acauaints  us  with  the  occupants  of  uie  land  and  ocean,  and  the  vegetation,  fruits, 
and  peculiarities  of  the  various  quaitere  of  the  earth.' 

This  was  written  when  Geogru]  by  included  all  natural  science,  and  before  it 
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gave  birth  to  so  many  separate  subjects ;  but  it  sets  forth  so  admirably  the  aims 
which  the  geographer  still  pursues  that  it  is  worthy  of  remembrance. 

It  is  not  advocated,  nor  is  it  in  any  way  necessary,  that  all  should  study 
Geography  in  the  extended  sense  thus  indicated ;  but  it  cannot  be  too  strongly 
pointed  out  that  an  educated  man — and  education  is  now  essential  to  the  success- 
ful conduct  of  affairs — mudt  have  a  considerable  knowledge  of  the  elementary  facts 
of  Geography. 

These  elementary  facts  are,  it  is  true,  of  the  nature  of  a  lesson,  and  must  be 
learnt,  so  to  speak,  by  heart  by  the  aid  of  maps  and  books ;  but  this  is  nothing 
more  than  making  use  of  the  labours  of  others  without  which  no  advance  is  pos- 
sible in  any  subject,  and  is  common  to  all  studies. 

We  must,  in  fact,  distinguish  between  the  science  of  Geography,  which  con- 
sists in  ascertAining  and  co-ordinating  new  facts,  and  putting  them  into  a  shape 
for  the  use  of  others,  which  is  the  work  of  comparatively  few ;  and  the  practical 
Geography  which  consists  of  making  use  of  that  work,  and  which,  as  in  many  other 
branches  of  science,  is  within  the  reach  of  aU  who  choose  to  devote  time  to  it. 

It  is  the  object  and  business  of  the  British  Association  to  tir  to  interest  their 
fellow-countrymen  in  all  branches  of  knowledge,  to  gain  if  possible  more  workers 
in  science,  but  at  any  rate  to  induce  all  educated  persons  to  take  advantage  of  the 
solid  work  done  by  others  towards  the  elucidation  of  the  details  of  the  glorious 
Nature  which  surrounds  us  on  all  sides,  and  in  so  many  forms,  and  witbout  which 
Ignorance  and  superstition,  those  primary  bars  to  the  advancement  of  mankind,  can 
never  be  banished. 

It  is  impossible  to  have  a  clear  comprehension  of  history,  whether  past  or 
current,  without  calling  in  the  aid  of  Geography ;  but  unfortunately  much  history 
has  been  written  and  taught  without  such  aid. 

To  read  the  daily  paper  requires  either  geographical  knowledge  or  constant 
reference  to  maps ;  and  if  readers  would  only  make  a  practice  of  such  reference 
on  every  occasion  when  they  are  at  fault,  they  would  soon  find  themselves  acquir- 
ing knowledge  of  the  greatest  use  to  them  in  the  easiest  and  most  interesting 
manner,  and  with  the  smallest  expenditure  of  time. 

The  mistakes  made  even  by  those  responsible  for  the  conduct  of  public  affairs^ 
by  reason  of  the  want  of  this  essential  but  elementary  knowledge,  are  innumerable, 
and  to  this  day  there  are  many  who  consider  themselves  highly  educated  and 
capable  men  who  cannot  even  rightlv  understand  a  map. 

As  I  have  before  indicated,  good  maps  are  the  foundation  ot  all  sound  geo- 
graphical knowledge,  and  these  maps  must  be  founded  on  good  surveys. 

Mow  a  good  survey  is  a  comparatively  modern  operation,  and  the  parts  of  the 
world  that  have  been  subjected  to  it  are  small  indeed. 

It  is  true  that  we  now  have  general  maps  of  the  larger  parts  of  the  world, 
which  more  or  less  convey  a  fair  representation  of  the  configuration  of  land 
and  sea  when  large  areas  are  considered,  but  details  are  sadly  lacking  almost 
evenrwhere. 

It  is  not  astonishing,  for  to  make  the  necessary  surveys  requires  an  enormous 
expenditure  of  both  time  and  money,  and  the  latter  is  hard  to  get  until  the 
necessity  for  its  expenditure  is  patent  to  the  smallest  intelligence.  Thus  many 
countries  long  settled  and  in  a  high  state  of  civilisation  are  still  without  any 
organised  system  of  survey  or  maps,  and  even  in  the  United  Kingdom  it  ia  only 
from  the  year  1784  that  a  proper  survey  was  established  of  the  British  Isles, 
though  no  maps  were  published  from  it  until  1801 ;  and  it  has  proceeded  so  slowly 
that  it  has  only  recently  been  in  one  sense  completed,  while  its  revision,  badly 
wanted  on  account  of  changes,  is  still  in  active  prosecution,  and  must  be  continued 
ad  rnfinitum, 

Such  indifference  is,  however,  giving  way  to  experience  of  the  results  of 
abeence  of  proper  mans,  and  all  who  wish  well  to  the  progress  of  South  Africa 
must  be  pleased  at  finding  that  their  provi3ion  has  been  taken  in  hand  on  such 
an  admirably  scientific  basis  as  is  provided  by  the  Trigonometrical  Survey,  now  far 
advanced,  and  the  successful  progress  of  which  is,  I  believe,  greatly  due  to  the 
inexhaustible  energy  of  my  fnend  Sir  Divid  Gill,  who  seems  to  find  time  to 
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promote  and  aid  all  branches  of  knowledge,  and  that  steps  are  now  being  taken  to 
proeecate  tlra  detailed  topographical  survey  and  provide  good  maps. 

To  manjr  people  one  map  is  as  good  as  another.  They  do  not  pause  to  consider 
on  what  it  is  based,  or  what  degree  of  accuracy  it  probably  possesses,  but  so  long 
as  there  is  a  map  they  are  satisfied. 

A  vast  number  of  existing  mans  are  compiled  from  the  roughest  materials: 
in  partly  occupied  countries,  trom  arawings  of  small  areas  placed  together  as  can 
best  be  done,  by  means  of  places  here  and  there  whose  relative  positions  are  fiurly 
known  by  distances  along  roads^  with  perhaps  in  soma  cases  angles  and  astro- 
nomical positions ;  in  less  civilised  parts  by  routes  of  travellers  laid  down  by 
estimatk)n  of  the  distance  traversed  and  direction  of  march,  checked  perhaps  by  a 
few  astronomical  observations  of  more  or  less  value  as  the  traveller  possesses  or 
does  not  possess  the  necessary  skill. 

The  compilers  of  such  a  map  have  a  difficult  task.  Discrepancies  are,  of  course, 
multitudinous.  Nothing  agrees,  and  one  has  to  accept,  reject,  and  adjust  as  beet 
he  can  on  his  own  responsilmity  and  with  what  knowledge  he  can  procure  of  the 
respective  reliabilitv  of  each  author. 

Happy  is  he  if  he  has  even  a  few  positions  in  his  map  which  have  been 
properly  determined,  as  between  them  he  is  ssved  from  the  constantly  increasing 
errors  of  adding  one  little  area  to  another,  which  if  carried  on  indefinitely  culmi- 
nates in  great  errors. 

Of  course  such  maps  are  of  no  practical  use,  save  as  giving  a  very  general 
idea  of  a  country,  and  when  required  by  the  administrator  or  traveller  lead  to 
endless  mistakes  and  annovances. 

The  feature  of  our  globe  which  is  now,  broadly  speaking,  most  accurately  laid 
down  is  the  coast-line.  The  safety  of  navigation  has  caused  general  marine 
surveys  to  be  carried  on  all  over  the  world  during  the  nineteenth  century,  which 
have  finally  determined  the  position  and  shape  of  the  boundaries  of  the  sea. 

These  surveys,  executed  lor  the  most  part  Inr  skilled  naval  officers  with  proper 
instrumental  outfit,  and  supplied  especially  with  reliable  chronometers,  and  based 
upon  frequent  carefully  determined  astronomical  positions,  have  resulted  in  this 
boundary  line  being  delineated  with  an  accuracy,  so  far  as  its  absolute  position  is 
concerned,  far  in  advance  of  any  other  main  feature  in  maps. 

Here  I  may  perhaps  explain  to  those  unversed  in  these  matters  why  this 
is  so. 

The  position  of  anv  spot  on  the  earth's  surface  can  be  ascertained  in  two 
ways :  either  by  careful  measurement  by  means  of  an  accurate  system  of  triangles 
from  another  spot  already  fixed,  or  bv  independent  observations  of  the  heavenly 
bodies  and  calculations  from  them,  which  g^ve  the  precise  latitude  and  longitude 
of  the  place.  The  former  is  suitable  for  positions  inland,  but  entails  much  time 
and  labour,  and  is  only  adopted  when  a  perfect  map  is  to  be  made,  for  which  it  is 
the  indispensable  foundation.  The  latter  can  be  carried  on  from  a  ship,  and 
under  most  dicumstances  only  from  a  ship,  because  of  the  limitations  of  the 
methods  of  determinating  lon^tudes. 

Longitude  can  now  bd  satisfactorily  and  rapidly  ascertained  in  two  ways :  by 
the  electric  telegraph  or  bv  use  of  chronometers. 

The  places  served  by  the  electric  telegraph  are  still  few,  and  its  use  is  there- 
fore restricted ;  but  the  chronometer  has  been  in  working  use  for  over  a  hunibed 
yeare. 

This  instrument,  which  is  merely  a  watch  of  especial  construction,  wUl  only 
keep  a  steady  rate  when  it  is  undisturbed  by  irregular  shocks  or  motions. 

No  means  have  yot  been  found  for  transporting  a  chronometer  on  land  with- 
out upsetting  its  regularity,  and  therefore  rendering  it  useless ;  but  on  board  a 
ship  it  can  be  so  suspended  and  stowed  as  to  prevent  its  being  disturbed  by  any 
ordinary  movements  of  or  in  the  ship.  The  accurate  time  of  any  place  departed 
from,  ascertained  by  astronomical  observations,  can  therefore  be  carried  about  on 
board  ship  for  considerable  periods,  and  by  comparison  with  the  local  time,  also 
determined  by  sextant  observations  of  the  heavenly  bodies,  at  any  required  spot  on 
the  coast,  the  difierence  of  longitude  is  at  once  obtained  with  very  small  limits  of 
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error  when  a  number  of  chronometerB  are  employed.  These  two  simnle  yet 
marrellous  instruments,  the  sextant  and  the  chronometer,  have  thus  placed  in  the 
hands  of  sailors  ready  means  of  fixing  with  great  exactitude  and  celerity  the  position 
of  selected  points  on  coasts  all  over  the  world ;  and  it  will  be  seen  that,  while  the 
detail  of  the  line  of  coast  between  such  fixed  positions  will  depend  upon  th^ 
de^ee  of  accuracy  of  the  survey  or  sketch,  the  general  line  cannot  get  far  out,  as 
it  IS  constantly  checked  at  the  selected  points. 

It  is  not  claiming  too  much  to  say  that  at  the  present^  time  very  few  salient 
points  on  the  coast-lines  of  the  world  are  as  much  as  two  miles  in  doubt. 

It  should  be  a  source  of  great  satisfaction  to  the  Briton  to  know  that  both 
these  instruments  were  devised  by  Englishmen,  John  liadley  producing  the 
sextant  in  1730,  in  the  form  still  used,  on  the  basis  of  ideas  formulated  by 
Newton  fifty  years  before ;  and  John  Harrison  the  chronometer  in  1736.  The 
latter  instrument  has  undergone  modifications  in  detail,  but  the  principle  remains 
the  same.  Seventy  years  elapsed  before  its  value  was  fully  recognised  and  it 
came  into  general  use. 

It  is  a  still  further  satisfaction  to  think  that  it  is  British  naval  ofiicers  who 
have  made  by  far  the  greatest  use  of  them  in  mapping;  the  coasts  of  the  whole 
world.  Since  the  time  of  the  mat  Captain  Cook,  British  surveying  vessels  have 
been  constantly  employed  in  this  work,  not  only  in  British  colonies,  but  in  all 
parts,  aiding  and  often  paving  the  way  for  British  commerce,  and  for  the  men-of- 
war  that  protect  it. 

It  is  difficult  to  find  coasts  of  any  extent  that  have  not  been  laid  down  by 
British  marine  surveyors.  The  whole  of  Africa  has  been  their  work.  By  far  the 
greater  part  of  America,  all  the  south  and  east  coasts  of  Asia,  Australia,  and 
most  of  the  innumerable  islands  in  all  oceans  have  been  fixed  and  laid  down  by 
them.  Even  in  the  Mediterranean,  till  very  lately,  the  charts  were  mostly  foundeil 
un  British  surveys,  and  the  improvements  now  being  carried  out  by  other  nations 
on  their  own  coasts  in  details  required  for  modem  navigation  do  not  materially 
modify  the  main  shapes  and  positions  formerly  determined  by  the  British. 

It  has  been,  and  is,  a  great  work,  and  I  hope  I  may  be  pardoned  for  dwelling  on 
it  with  pride  as  the  result  of  the  wise  administration  of  the  Admiralty  for  many 
years,  and  of  the  immediate  labours  of  my  predecessors  as  Hydro^apher,  and  as  a 
very  great  contribution  to  geographical  knowledge,  more  especially  as  I  do  not 
think  that  it  is  generally  realised  that  this  great  advance  in  geographic  accuracy 
is  due  to  marine  surveyors. 

To  give  an  idea  of  the  comparative  accuracy  of  the  chronometer  method,  I  may 
mention  that  on  taking  at  hazard  eleven  places  distributed  all  over  the  world  at 
great  distances  from  England,  whose  longitudes  have  been  recently  determined  by 
means  of  the  electric  telegraph  and  elaborate  series  of  observations,  I  find  that  the 
average  difierence  between  the  chronometer  and  the  telegraph  positions  is  700 
yards.  The  shapes  of  the  different  continents  and  the  positions  of  islands  as  at 
present  on  our  maps  and  charts  will  never  be  altered  except  in  insignificant  degree, 
and  the  framework  is  ready  for  many  years*  work  of  land  mapping. 

It  is  not  to  be  inferred  from  what  I  say  that  marine  surveys  are  approaching 
their  close.  It  is  far  otherwise.  The  time  given  to  these  enormous  extents  of 
coasts  and  seas,  and  the  necessarily  small  scales  on  which  the  surveys  have  been 
carried  on,  have  caused  them  to  be  very  imperfect  in  all  details.  Hundreds  of  rocks 
and  shoals,  both  stretching  from  the  land  and  isolated  in  the  sea,  have  been  missed, 
and  loss  of  ships  and  life  on  these  unknown  dangers  still  continues.  With  the 
increase  of  shipping,  increased  number  of  ships  of  heavy  draught,  tlie  closeness 
of  navi^tion  due  to  steam,  and  the  desire  to  make  quick  passages,  smaller  in- 
accuracies of  the  charts  become  yearly  of  greater  importance. 

As  an  illustration  of  the  condition  of  affairs  I  may  mention  that  in  Hamoaze,the 
inner  harbour  of  Plymouth,  one  of  the  headquarters  of  the  British  fieet  for  over 
900  yean,  a  small  but  dangerous  pinnacle  of  rock  was  only  discovered  five 
years  ago;  whilst  numerous  other  dangers  of  a  similar  character  have  been 
yearly  revealed  in  close  surveys  of  other  harbours  in  the  United  Kingdom,  supposed 
to  be  well  examined  and  charted  in  the  last  century. 

1905.  ^  Q(P 
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There  never  was  ft  greater  need  for  close  marine  surveys  of  places  frequented 
by  ships  than  now. 

It  IS  interesting  to  look  hack  and  see  the  gradual  progress  of  the  delineation  ot 
the  world  and  to  mark  how  very  recent  any  approach  to  accuracy  is. 

The  very  earliest  maps  of  any  extent  of  country  are  unfortunately  lost  to  us. 
The  first  man  who  made  a  map  of  which  any  historical  record  exists  is  Anaximander 
of  Miletus,  about  600  b.c,  but  we  know  nothing  of  it.  A  map  is  mentioned  by 
Herodotus  as  having  been  taken  in  600  b.c.  by  Aristagoras  of  Miletus  in  the 
shape  of  an  engraved  bronze  plate  whereon  the  whole  circuit  of  the  earth  was 
engraved,  with  all  its  seas  and  rivers,  to  influence  Cleomenes,  King  of  Sparta,  to 
aid  the  lonians  against  Persia.  This  was  probably  the  work  of  Hecateeus,  to  whom 
early  Geography  owed  much.  His  works  are  also  only  known  to  us  b^  quotation; 
but  they  are  especially  interesting  as  containing  an  early  idea  of  the  limits  of  Africa, 
which  he  represents  as  entirely  surrounded  by  the  sea — a  circumstance  apparently 
either  forgotten  or  disbelieved  in  later  years. 

Erotosthenes,  250  B.C.,  and  Hipparchus,  150  B.C.,  made  great  advances,  and  the 
former  made  the  first  attempt  to  measure  the  size  of  the  earth  by  the  difference 
of  latitudes  between  Assouan  and  Alexandria  in  Egypt,  an  attempt  which,  con- 
sidering the  great  imperfection  of  his  means,  was  remarKably  successful,  as,  assum- 
ing that  we  are  right  in  the  length  of  the  stadium  he  used,  he  made  the  circum- 
ference of  the  globe  25,000  geographical  miles,  whereas  it  should  be  21,600. 

He  also  devised  the  system  of  meridians  and  parallels  as  we  now  have  them ; 
but  the  terms  'latitude'  and  'longitude,'  to  denote  positions  on  those  circles,  were 
introduced  by  Ptolemy. 

The  maps  of  Ptolemy,  the  great  Alexandrian  astronomer  and  geographer  of 
▲.D.  150,  are  the  earliest  we  possess.  He  drew,  besides  a  general  map  of  the  whole 
known  world  from  the  southern  part  of  the  Baltic  to  the  Gulf  of  Guinea,  north 
and  south,  and  from  the  Canary  Islands  to  the  China  Sea,  east  and  west,  a  series 
of  twenty-six  maps  of  the  different  parts. 

Ptolemv's  maps  and  his  method  of  representing  the  spherical  globe  on  a  fiat 
surface  haa  a  ^preat  influence  on  Geography  for  many  years.  After  his  time  the 
Gredc  civilisation  waned,  and  the  general  decline  of  the  Roman  Empire,  followed 
by  its  disruption  by  the  invasion  of  barbarians,  closed  the  course  or  discovery  in 
all  branches  of  research  for  centuries.  It  is  not  too  much  to  say  that  for  1,800 
years  no  advance  was  made,  and  until  the  commencement  of  exploration  by  sea, 
which  accompanied  the  ceneral  revival  of  learning  in  the  fifteenth  century, 
Ptolemy's  mans  represented  the  knowledge  of  the  world. 

As  might  De  expected,  the  further  he  got  from  the  Mediterranean,  the  greater 
were  his  errors ;  and  his  representations  of  Eastern  Asia  and  North- Western  Europe 
are  somewhat  grotesque,  though  quite  recognisable  in  the  main. 

Of  Africa  south  of  the  Equator  he  knows  nothing,  and  his  map  of  it  terminates 
with  the  border. 

This  is  somewhat  remarkable,  as  I  am  one  of  those  who  firmly  believe  in  the 
circumnavigation  of  Africa  by  the  Phoenicians  sent  by  Necho,  King  of  Egypt,  in 
600  B.C.  from  the  head  of  the  Red  Sea.  As  described  by  Herodotus,  the  voyase 
has  all  the  impress  of  veracity.  My  personal  &ith  in  Herodotus  was  much  strength- 
ened by  finding  when  I  surveyed  the  Dardanelles  in  1872  that  his  dimensions  of  that 
strait  were  nearer  the  truth  than  those  of  other  and  later  authorities,  even  down 
to  the  time  at  which  I  was  at  work,  as  well  as  by  other  geographical  tests  I  viras 
able  to  apply.  When,  therefore,  he  records  that  the  Phoenicians  declared  that  in 
their  voyage  they  had  the  sun  on  their  right  hand,  and  says  he  does  not  believe  it, 
he  registers  an  item  of  information  which  goes  far  to  prove  the  story  correct.  In- 
fluenced by  HecatsQus,  who  thou«^h  surrounding  A^ca  by  tiie  sea  cut  it  far  short 
of  the  Equator,  Herodotus  coula  not  conceive  that  the  travellers  had  passed  to 
the  south  of  the  sun  when  it  was  in  the  southern  tropic. 

No  historical  incident  has  been  more  discussed  than  this  voyage,  cominentaton 
varying  much  in  their  opinions  of  its  truth.  But  we  have  to-day  some  new  ikcts. 
No  one  who  has  followeld  the  exploration  of  the  ancient  buildings  in  Bhodesiaj 
and  considered  the  information  we  possess  on  the  early  inhabitants  of  Southern 
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Aiftbia,  whether  we  call  them  Sabaaans  or  Himyarites.  can  doabt  that  the  former 
were  mainly  the  work  of  men  coming  from  Arabia  at  a  very  early  date,  while  the 
period  of  time  necessary  to  carry  out  gold-mining  operations  over  the  large  areas 
now  found  to  have  been  exploited  must  have  been  very  great. 

It  seems  strange  that  no  record  of  the  constant  voya^s  to  this  El  Dorado 
should  remain,  but  the  very  natural  desire  to  keep  lucrative  mformation  to  them- 
selves is  not  an  unknown  thing  amongst  traders  of  the  present  day,  while  the 
conditions  of  society  and  the  aosence  of  written  records  of  South  Arabia  would 
make  concealment  easy. 

The  Phoenicians,  an  allied  race,  and  the  great  seafaring  trading  nation  of  the 
Mediterranean,  succeeded  in  keeping  the  majority  of  their  marts  secret,  and  we 
have  incidents  recorded  showing  their  determination  not  to  allow  others  to  follow 
their  steps,  while  to  this  day  we  are  very  doubtful  of  the  limits  of  their  voyages. 

It  may  be  considered  certain  that  while  we  naturally  quote  Greek  historians 
and  geographers  as  the  early  authorities  for  the  growth  of  geographical  knowledge, 
and  tnat  the  scientific  basis  for  proper  maps  of  large  areas  was  really  provided  by 
them,  the  seafaring  nations,  Arabians,  Phoenicians,  and  Chinese,  Imew  a  very 
great  deal  practically  of  the  coasts  of  various  parts  of  the  Old  World  that  were 
abflolutelv  unknown  to  the  Greeks. 

The  favourable  conditions  afforded  by  those  remarkable  periodic  winds,  the 
monsoons,  would  in  the  China  Sea,  Bay  of  Bengal,  and  the  Arabian  Sea  naturallv 
facilitate  anv  attempts  at  extensive  eea  voyages,  and  would  lead  to  such 
attempts  under  conditions  that  in  the  regions  of  variable  winds  would  be  considered 
too  dangerous  and  uncertain.  The  fact  that  the  monsoons  in  nearly  every  case 
blow  practicallv  j^arallel  to  the  coasts  in  opposite  directions  is  a  most  important 
factor  in  considering  early  navi^tion.  The  direction  of  the  wind  itself  in  such 
cases  roughly  guides  a  vessel  without  a  compass,  and  the  periods  of  cyclones  and 
unsettled  weather  between  the  monsoons  would  soon  be  noted  and  avoided,  as 
they  are  to  this  day  by  the  Arabs  and  Chinese,  whose  vessels,  I  have  very  little 
doubt,  have  remained  practically  the  same  for  thousands  of  years. 

The  unknown  GreeK  author  of  that  unique  and  most  interesting  document,  the 
'Periplus  of  the  Erythrsean  Sea,'  probably  of  the  first  centurv  a.d.,  describes 
vessels  built  without  nails,  whose  planks  were  bound  together  by  cords,  in  pre- 
cisely the  same  way  as  many  Arab  dhows  now  navigating  the  Indian  Ocean. 
His  personal  knowledge  of  Africa  evidently  ceased  at  Cape  Guardafui,  though  he 
gives  information  gained  from  others  on  the  East  Coast  as  far  as  Zanzibar,  which 
— or,  rather,  a  part  on  the  mainland  near — ^he  describes  as  the  limit  of  trade  to  the 
south.  We  know  that  Arabs  had  penetrated  further,  but  no  doubt  they  kept 
their  knowledge  to  themselves. 

These  early  navigators  very  probably  had  charts.  When  Vasco  da  Gama  first 
passed  along  the  eastern  coast  ot  Africa  he  found  j^hat  the  Arab  dhows  had  charts. 
Unfortunately  none  of  them  has  come  down  to  us,  or  it  would  have  been 
interesting  to  compare  them  with  those  of  the  West  Coast  used  by  the  Portuguese 
at  the  time,  and  which  were  of  the  crudest  description. 

I  claim  for  sailors  of  all  ages  that  they  would  be  the  first  to  make  practical 
maps  of  the  shape  of  the  coasts.  Their  safety  and  convenience  demanded  it, 
while  it  is  a  far  easier  task  to  compile  such  a  picture  of  the  earth  from  succes- 
sive voyages  along  coasts  over  the  sea,  where  average  distances  from  known  rates 
of  sailing  and  courses  from  the  sun  and  stars  can  be  more  accurately  ascertained 
than  from  long  and  generally  tortuous  land  journeys  in  directions  governed  by 
natural  features,  towns,  and  so  forth.  A  navigator  must  be  a  bit  of  an  astronomer. 
A  landsman  to  this  day  seldom  knows  one  star  from  another. 

It  was  the  sea-charts,  or  partolani,  of  the  Middle  Ages  that  on  the  revival  of 
leamins;  first  gave  respect-able  representations  of  the  shape  of  the  coasts,  at  a  time 
when  the  learned  monks  and  others  were  drawing  the  most  fantastic  and  absurd 
pictures  which  they  called  maps. 

At  the  same  time  it  must  be  remembered  that  in  all  ages  and  down  to  the 
present  day  pilots,  who  within  a  hundred  years  were  usually  carried  by  all  ships, 
even  lor  sea  voya^fes,  jealously  keep  their  knowledge  largely  in  their  heads,  an4 
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look  upon  good  chartB  as  contrivances  to  destroy  their  profession,  and  that  such 
charts  or  notes  as  they  had  they  would  keep  rehgiously  to  their  fraternity. 

The  Egyptians  were  no  sailors,  but  we  know  that  the^  habitually  employed 
Phoenicians  for  sea  expeditions,  while  we  have  the  histoncal  record  of  the  Old 
Testament  for  their  employment  by  David  and  Solomon  for  a  like  purpose  in  the 
Red  Sea,  and  probably  far  to  the  south.  It  is,  therefore,  almost  impossible  to 
doubt  that  the  Phoenicians  were  also  acquainted  with  the  navigation  of  the  Red 
Sea  and  east  coast  of  Africa.  Such  a  voyage  as  that  recorded  by  Herodotus 
would  under  these  circumstances  be  far  from  improbable. 

The  varying  monsoons  which  had  led  the  Arabians  centuries  before  to  get  so 
intimate  a  knowledge  of  the  east  coast  as  to  enable  them  to  find  and  work  the  gold- 
fields  would  be  well  known  to  the  Phoenicians,  and  the  hardy  seamen  who  braved 
the  tempestuous  regions  lying  between  Cadiz  and  Great  Britain  would  make  little 
of  the  difficulties  of  the  African  seas. 

The  limit  of  easy  navigation  from  and  to  the  Red  Sea  is  Sofala.  I  do  not 
think  that  it  is  too  great  a  use  of  imagination  to  suppose  that  it  would  be  from 
information  received  in  what  is  now  North  Rhodesia  that  it  was  learnt  that  to 
the  westward  lay  the  sea  again,  and  that  this  led  to  the  attempt  to  reach  it  by 
the  south. 

Once  started  from  the  neighbourhood  of  Sofala,  they  would  find  themselves  in 
that  great  oceanic  stream,  the  Agulhas  Current,  which  would  carry  them  rapidly 
to  the  southern  extremity  of  Africa. 

J,  as  a  sailor,  can  also  even  conceive  that  finding  themselves  in  that  strong 
current  they  would  be  alarmed  and  attempt  to  turn  back,  and  that  after  struggling 
in  vain  against  it  they  would  have  accepted  the  inevitable  and  gone  with  it,  and 
that  without  the  Agulhas  Ourrent  no  such  complete  voyage  of  circumnavigation 
would  have  been  made. 

As  Major  Rennell  in  the  last  century  pointed  out,  once  past  the  Cape  of  Qood 
Hope,  the  periodic  winds,  and  over  a  great  part  of  their  journey  the  currents, 
would  help  them  up  the  West  African  coast;  and  the  general  conditions  of  naviga- 
tion are  favourable  the  whole  way  to  the  Straits  of  Gibraltar,  the  ships  keeping, 
as  they  would  do,  near  the  land ;  but  we  can  well  understand  that,  as  recorded, 
the  voyage  occupied  nearly  three  years,  and  that  they  halted  from  time  to  time  to 
ROW  and  reap  crops.  I  should  say  that  it  is  highly  probable  that  either  Simon*8 
Bay  or  Table  Bay  was  selected  as  one  of  these  stopping-places. 

No  reference  to  this  voyage  has  been  found  amongst  the  hieroglyphic  records, 
and,  indeed,  so  far  few  such  records  of  Necho,  whose  reign  was  not  for  long,  are 
known ;  but  tliat  it  was  regarded  at  the  time  as  historical  is  evident,  for  Xerxes,  a 
hundred  years  later,  sent  an  expedition  to  repeat  it  in  the  contrary  direction. 

This,  however,  failed,  and  the  unfortunate  leader,  Sataspes,  was  impaled  on  his 
unsuccevful  return. 

This  attempt  shows  that  the  greater  difliculty  of  the  circumnavigation  from 
west  to  east,  as  compared  with  that  from  east  to  west,  was  not  realised,  and 
points  to  the  concealment  of  any  details  of  the  successful  voyage. 

Of  Ilanno's  voyage  from  the  Straits  of  Gibraltar  to  about  Sierra  I^ieone,  the 
date  of  which  is  uncertain,  but  from  500  to  COO  B.C.,  we  should  know  little  had 
not  good  fortune  preserved  the  record  deposited  in  a  Carthaginian  temple. 

But  the  well-known  secrecy  of  the  Pnoenicians  in  all  matters  connected  with 
their  foreign  trade  and  voyages  would  explain  why  so  little  was  known  of  Necho*8 
voyage,  and  our  present  knowledge  of  the  extensive  ancient  gold  workings  of 
Rhodesia  shows  how  much  went  on  in  those  times  of  which  we  are  wholly 
ignorant. 

I  have  dwelt  perhaps  too  long  on  this  subject,  but  it  has  to  me  a  great  interest ; 
and  as  it  has  not,  so  far  as  I  know,  been  dealt  with  by  a  seaman  who  is  personally 
-Well  acquainted  with  the  ways  of  seamen  in  sailing  ships  and  with  the  navigation 
of  the  coasts  in  question,  I  hope  I  may  be  excused  for  putting  my  views  on  record. 

There  are  sevetal  references  in  Greek  and  Latin  historians  to  other  citcum- 
tavigations,  but  none  of  them  can  be  trusted,  and  apart  from  Necho^s  voyace  we 
hear  nothing  of  the  east  and  south  coasts  of  Africa  until  the  arrival^of  the  Portu- 
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guese  at  the  end  of  the  fifteenth  century.  But  tbey  found  a  thriving  civilisation 
along  the  coast  from  Sofala  northward,  Shirazi,  Arab,  and  Indian. 

Ruins  exist  in  many  places  w)iich  hare  not  yet  been  properly  investigated,  and 
we  are  quite  unable  to  say  from  what  date  we  are  to  place  the  earliest  foreign 
settlements,  nor  how  many  breaks  existed  in  the  continuity  of  the  gold-mining, 
which  apparently  was  proceeding  at  or  very  shortly  before  the  Portuguese  visit. 

After  the  recommencement  of  exploration  by  sea  in  the  fifteenth  century, 
seamen  slowjy  gathered  enough  information  to  draw  the  lines  of  the  coasts  they 

{)assed  along,  and  in  lime — that  is,  by  the  middle  of  the  eighteenth  century —most 
ands  were  shown  with  approximately  their  right  shapes.  But  of  true  accuracy 
there  was  none,  for  the  reason  1  have  before  mentioned,  that  there  was  no  exact 
method  of  obtaining  longitude. 

If  we  look  at  a  general  world  chart  of  A  d.  1755— and  to  get  the  best  of  that 
period  we  must  consult  a  French  chart — we  shall  find  on  this  small  scale  that  the 
shape  of  the  continents  is  fairly  representative  of  the  truth.  But  when  we 
examine  details  we  soon  see  how  crude  it  all  is. 

I  have  compared  with  their  true  positions  the  positions  of  thirty- one  of  what 
may  be  taken  as  the  fundamental  points  in  the  world  as  given  in  the  larger  scaled 
French  charts  of  1755,  from  which  the  general  one  is  drawn,  and  I  find  that  on 
an  average  they  are  forty-eight  miles  in  error.  The  errors  vary  from  100  miles 
to  two  miles.  If  the  delineation  of  the  coast-lines  between  be  considered  the 
inaccuracies  are  very  much  greater. 

Very  shortly  after  this  date  more  accurate  determinations  began  to  be  made. 
The  method  of  lunar  distances  was  perfected  and  facilitated  by  tahleH  published  in 
the  various  astronomical  '  ephemerides,*  and  seamen  and  explorers  commenced  to 
make  u«e  of  it.  Still  the  observation  required  constant  practice,  and  the  calcula- 
tion, unless  constantly  made,  was  laborious,  and  it  was  used  with  complete 
success  by  the  few.  The  great  Captain  Cook,  who  may  be  looked  upon  as  the 
father  of  modem  methods  of  surveying,  did  much  to  show  the  value  of  this  method ; 
but  the  chronometer  came  into  use  shortly  after,  and  the  principal  advance  in  exact 
mapping  was  made  by  its  aid,  as  I  have  already  stated. 

There  is  a  vast  amount  yet  to  be  done  for  Geography.  Until  we  possess 
publications  to  which  we  cantuni  for  full  information  on  all  geographical  aspects 
of  things  on  this  globe  of  ours,  there  is  work  to  be  done.  Seeing  that  our  present 
publications  are  only  now  beginning  to  be  worthy  of  being  considered  trustworthy 
for  the  very  small  amount  of  knowledge  that  we  already  possess,  geographical 
work  in  all  its  branches  is  practically  never-ending. 

But  of  exploration  pure  and  simple  very  little  remains  t  o  be  done.  The  charm  of 
travelling  through  and  describing  an  entirely  new  country  which  may  be  practi- 
cally serviceable  to  civilised  man  has  been  taken  from  us  by  our  predecessors, 
though  limited  regions  still  remain  in  Central  Asia  and  South  America  of  which 
we  know  little  in  detail. 

I  must  except  the  Polar  regions,  which  are  in  a  somewhat  special  category,  as 
their  opening-up  afifords  few  attractions  to  many  people.  But  a  knowledge  of  the 
past  history  of  our  globe — fit  study  for  human  tliought— can  only  be  gained  by 
study  of  the  portions  still  under  glacial  conditions. 

What  is  there  round  the  South  Pole— a  continent  or  a  group  of  large  islands  ? 
What  is  going  on  there  P  What  thickness  does  ice  obtain?  Have  these  regions 
always  been  glaciated ;  and  if  not,  why  not  P  Can  we  get  any  nearer  the  mystery 
of  magnetism  and  its  constant  changes  by  study  at  or  near  the  magnetic  poles  P 
All  these  and  many  other  scientific  questions  can  only  be  solvea  by  general 
geographical  research  in  these  regions,  and  all  interested  in  such  questions  have 
been  delighted  at  the  recent  attempts  to  gain  more  knowledge. 

The  object  of  these  expeditions  was  frankly  and  purely  scientific.  All  hope 
of  remunerative  whale  or  seal  fisheries  had  been  dispelled  by  the  visit  of  the 
Norwegian  whalers  in  1892  to  the  region  south  of  Cape  Horn,  and  the  known 
general  condition  of  the  land  forbade  any  expectation  of  other  profitable  industries, 
unless  indeed  gold  and  other  valuable  minerals  should  be  found,  which  is  always 
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possible.  Bevond  the  fact  that  exploring  expeditions  of  this  character  keep 
alive  the  spirit  of  enterprise  and  brinff  out  the  finest  characteristics  of  a  race — 
which  is  a  point  by  no  means  to  be  despised — no  immediate  practical  benefit  was 
to  be  expected. 

Progress  under  the  conditions  must  be  slow,  but  I  think  that  Great  Britain 
may  well  be  satisfied  with  the  information  collected  in  the  Antarctic  by  Captain 
R.  F.  Scott  and  his  gallant  companions.  The  unfortunate  detention  or  the 
'  Discovery '  by  an  unfavourable  summer  prevented  the  further  coastal  exploration 
which  was  part  of  the  programme,  but  gave  opportunity  for  further  detailed 
examination  of  the  inland  conditions,  which  was  carried  out  in  defiance  of  the 
severest  atmospheric  and  topographical  difficulties,  and  with  the  neatest  zeal  and 
intelligence ;  and  it  may  be  doubted  whether  Science  in  the  end  has  not  gained 
more  than  she  lost  by  the  unexpected  diversion  of  energy.  The  healthy  con- 
ditions which  prevailed  throughout  are  a  standing  proof  both  of  Captain  Scott's 
eminent  capacity  as  a  leader  and  of  the  cheery  spirit  which  animat^  the  whole 
expedition. 

The  full  results  of  the  scientific  observations  are  not  yet  worked  out,  and  in 
many  cases  for  a  complete  appreciation  of  their  bearing  they  must  be  compared 
and  correlated  with  those  of  the  other  Antarctic  expeditions,  but  many  highly 
suggestive  points  have  already  been  revealed. 

For  the  first  time  Antarctic  continental  land  has  been  travelled  over  for  lon^ 
distances,  and  though  the  actual  area  of  new  discovery  looks  small  on  a  map  of 
the  world,  the  distances  covered  can  only  be  described  as  extraordinary,  and  far 
exceeding  the  most  sanguine  anticipations. 

Few  who  considered  the  mountainous  coast-line  of  Victoria  Land  and  its  com- 
plete glaciation,  as  reported  by  Sir  James  Ross  from  his  distant  view,  thought 
that  it  would  prove  practicable  not  only  to  ascend  those  mountains,  but  to  reach 
to  heights  much  surpas^g  them  behind. 

The  reason  that  it  proved  feasible  is  that,  while  there  are  occasional  heavy 
snowstorms,  the  annual  snowfall  is  small,  and  the  surface,  therefore,  is  generally 
unencumbered  with  soft  deep  snow. 

And  what  did  Captain  Scott  find  after  his  memorable  struggle  up  the  glacier 
through  the  mountains  ? 

An  enormous  plateau  at  an  elevation  of  about  9,000  feet,  nearly  level, 
smooth,  and  featureless,  over  which  he  travelled  directly  inland  for  over  200 
miles,  seeing  no  sign  at  his  furthest  point  of  any  termination  or  alteration  in 
character.  So  far  as  could  be  seen  from  other  journeys,  glacial  discharge  from 
this  great  ice^sheet  is  very  small,  and  practically  it  appears  to  be  dead.  Its 
accretion  by  fresh  snowfall  is  insignificant,  while  on  all  sides  alonjBC  the  flanks  of 
the  coastal  mountains  there  are  signs  of  diminution  in  the  mass  of  ice. 

The  great  ice-barrier  east  of  Ross  Island  tells  the  same  tale.  This  magnificent 
feature  presents  to  the  sea  a  face  of  perpendicular  ice-cliffs  varying  from  00  to 
240  feet  in  height  and  450  sea-miles  long.  Sir  J.  Ross  mapped  its  position  in 
1841,  and  Captain  Scott  finds  that  it  has  retreated  on  an  average  fifteen  miles, 
varying  much  in  different  parts. 

Should  this  rate  of  retreat  continue  the  whole  of  this  ice  mass,  as  far  as 
Captain  Scott  saw  it,  will  have  vanished  in  1,000  years. 

As  the  motion  of  the  ice  mass  is  also  about  fifteen  miles  to  the  north  in  the 
same  time,  icebergs  covering  collectively  an  area  of  450  miles  by  90  have  been 
discharged  from  it  in  sixty  years. 

Captain  Scott  travelled  over  it  nearly  due  south  to  a  point  dOO  miles  from  ita 
face,  and  then  saw  no  sign  of  its  end. 

It  is  bordered  on  its  western  side  by  a  mountainous  coast-line,  rising  in  places 
to  15,000  feet.  He  foimd  the  ice  practically  flat  and  wholly  unfissured,  except  at 
the  side,  where  its  northerly  motion,  found  to  be  about  130  feet  in  the  month,  caused 
•hearing  and  vast  crevasses.  All  that  is  known  of  its  eastern  edge  is  that  it  is 
bordered,  where  it  meets  the  sea,  by  land  from  2,000  to  3,000  feet  high,  suspected 
by  Ross  and  verified  by  Captain  Scott.  This  may  be  an  island,  or  more  probably 
the  eastern  side  of  the  great  fiord  or  bay  now  filled  by  the  barrier.  o 
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Captain  Scott  is  of  opinion  that  this  great  ice-eheet  is  afloat  throughout,  and 
I  entirely  agree  with  this  conclusion.  It  is  une2Lpected|  but  everything  points 
to  it. 

From  soundings  obtained  along  the  face  it  undoubtedly  has  about  600  feet  of 
water  under  it. 

It  is  difficult  to  believe  that  this  enormous  weight  of  ice,  460  miles  by  at  least 
360,  and  perhaps  very  much  more,  with  no  fall  to  help  it  along  by  gravity,  can 
have  behind  it  a  sufficient  force  in  true  land  glacier  to  overcome  the  stupendous 
friction  and  put  it  in  motion  if  it  be  resting  on  the  bottom.  It  is  sufficiently 
astonishing  that  there  is  force  enough  even  to  overcome  the  cohesion  at  the  side, 
which  must  be  very  great. 

The  flat  nature  of  the  bottom  of  the  Ross  Sea  and  the  analogies  of  many 
geographical  details  in  other  parts  of  the  world  make  it  most  probable  uiat  the  water 
un<Mr  the  whole  barrier  is  deep. 

A  point  on  which  I  have  seen  no  comment  is  the  difference  in  the  appearance 
of  the  slopes  of  Mount  Terror.  Captain  Scott  found  the  bare  land  showing  over 
large  areas,  but  during  the  two  summers  of  Rosses  visit  it  was  wholly  snow-dad. 
Sir  Joseph  Hooker,  the  sole  survivor  of  Ross's  expedition,  when  questioned  had  no 
doubt  on  the  subject,  and  produced  many  sketches  in  support. 

This  may  be  due  to  temporary  causes,  but  all  the  information  collected  by  the 
expedition  points  without  doubt  to  steadily  diminishing  glaciation  in  recent  times* 
W  e  have,  therefore,  this  interesting  fact,  that  both  in  Arctic  and  Antarctic  regions, 
as  indeed  all  over  the  world,  ice  conditions  are  simultaneously  ameliorating,  and 
theories  of  alternate  northern  and  southern  maximum  glaciations  seem  so  far 
disproved. 

But  this  does  not  mean  that  climatic  conditions  in  the  Antarctic  are  now  less 
Bevere--~probably^  the  contrary.  It  has  been  pointed  out  by  many  that  land 
glaciation  may  arise  from  varied  primary  causes,  but  one  obvious  necessity  is  that 
the  snowfisill  should  exceed  melting  and  evaporation.  It  need  not  be  heavy  -,  but 
if  it  is,  it  may  produce  fflaciation  under  somewhat  unexpected  conditions.  This 
would  entail  a  vapour-laden  air  more  or  less  continuously  impinging  upon  the 
land  at  a  temperature  which  will  enable  it  when  cooled,  either  by  passing  over 
chilled  land  or  when  raised  to  higher  regions  by  the  interposition  of  mountains, 
to  f;ive  up  its  moisture  freely.  This  condition  is  not  fulfilled  when  the  air  as  it 
amves  from  the  sea  is  already  at  a  very  low  temperature. 

It  was  my  fortune  to  spend  two  long  seasons  m  the  Straits  of  Magellan,  and  I 
was  daily  more  impressed  oy  what  I  saw. 

There  you  have  a  mountainous  ridge  of  no  great  height — very  few  peaks  rising 
more  than  4,000  feet — opposed  to  the  almost  continuous  westerly  winds  pouring 
in  from  the  Pacific  at  a  very  moderate  temperature  and  chained  with  muim 
moisture. 

The  result  is  that  in  the  latitude  of  Yorkshire  every  mountain  mass  over 
3,000  feet  high  is  covered  with  eternal  snow,  and  sends  glaciers  down  to  the  sea. 

I  was  convinced  by  what  was  going  on  under  my  eyes  that  it  only  required  an 
upheaval  of  the  land  of  2,000  feet  or  so  to  cover  the  whole  of  Patagonia  with  ice. 
But  then  the  climate  would  still  liot  be  very  severe.  The  temperature  of  the 
wind  from  the  sea  would  be  the  same,  and  such  part  of  it  as  blew  along  the 
channels  and  on  the  lower  land  would  moderate  the  cold  caused  by  the  ice-covered 
slopes. 

The  shores  of  the  whole  of  Western  Southern  Patagonia,  deeply  indented  with 
lonff  and  deep  fiords,  indicate,  according  to  all  received  views  of  the  origin  of 
such  formations,  that  the  land  was  formerly  higher,  while  signs  of  glaciation  are 
everywhere  present. 

The  results  of  geographical  research  show  us  that  in  many  parts  of  the  world 
climate  must  have  greatly  changed  in  comparatively  recent  times. 

In  the  now  arid  regions  of  Northern  Africa,  Central  North  America,  and  in 
parts  of  Asia  there  is  ample  evidence  that  the  climate  was  in  times  past  more 

numid.    In  a  remarkable  paper  on  the  causes  of  changes  of  climate,  contributed 

-c         .    -    -     ^ 
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by  Mr.  F.  W.  Harmer  to  the  Greological  Society  in  1001,  which  has  not  obtained 
the  notice  it  deserves,  it  is  pointed  out  how  changes  in  the  distribution  of  the 
prevalent  winds  would  yastly  alter  climatic  conditions.  Like  everything  ebe 
in  Nature,  and  especially  in  the  department  of  meteorology,  these  questions  are 
exceedingly  complex,  and  similar  results  may  be  brought  about  in  different 
ways,  but  there  can  be  no  doubt  that  the  climate  of  South  Africa  would  be  greatly 
modified,  and  more  rainfall  would  occur,  if  only  the  cyclonic  storms  which  now 
chase  each  other  to  the  eastward  in  the  ocean  south  of  the  Cape  of  Good  Hope 
could  be  prevailed  upon  to  pursue  a  slightly  more  northerly  line,  and  many  obstacles 
to  the  agricultural  prospects  of  South  Africa  now  existing  would  be  removed.  This 
is,  however,  beyond  the  powers  of  man  to  eflTect ;  but,  as  I  have  just  said,  there  are 
other  ways  of  attaining  the  object,  and  it  is  earnestly  to  be  hoped  that  the  atten- 
tion now  being  paid  to  afforestation  may  result  in  vigorous  efforts  to  bring  about 
by  this  means  the  improvement  in  humidity  so  much  required  in  many  parts  of  the 
country. 

The  other  recent  event  In  geographical  exploration  is  the  result  of  the  expedi- 
tion to  Lhasa,  tt  was  an  unexpected  solution  of  this  lonfz^desired  knowledge  that 
it  should  come  from  political  necessities  and  by  means  of  a  Government  mission. 
The  many  ardent  travellers  who  have  dreamed  of  one  day  making  their  way  in  by 
stealth  have  thus  been  disappointed,  but'  our  knowledge  is  now  fuller  than  could 
otherwise  have  been  gathered. 

The  most  important  fact  is  the  revelation  of  the  fertility  of  a  large  part  of 
Southern  Hbet.  Much  has  been  added  to  topographical  knowledge,  but  the  route 
maps  of  the  secret  Indian  native  surveyors  already  nad  given  us  a  rough  knowledge 
of  the  country  on  the  road  to  Lhasa.  It  was  not,  however,  reslis^l  how  great 
was  the  difference  between  the  aridity  of  the  vast  regions  of  the  north,  known  lo  us 
from  the  travels  of  men  of  various  nationalities,  and  the  better- watered  area  in  the 
south,  though  from  the  great  height  of  the  plateau — some  12,000  feet — the  climate 
is  very  severe.  The  upper  course  of  the  Brahmaputra  has  been  traced  by  Captain 
Ryder,  but,  unfortunately,  a  political  veto  was  placed  on  the  project  to  solve  the 
interesting  problem  of  how  this  great  river  finds  its  way  to  the  Indian  plains^  and 
this  still  remains  for  the  future  to  unravel. 

Of  the  ocean,  which  has  been  my  own  particular  study  for  many  years,  and  oo 
which  alone  I  feel  any  special  qualification  to  speak,  I  have  said  but  little,  for  the 
reason  that  when  preddiug  over  this  Section  on  a  former  occasion  I  took  it  for 
my  theme,  but  there  are  a  few  points  regarding  it  which  I  should  like  to  bring  to 
your  notice. 

It  is  of  the  ocean,  more  than  of  any  other  physical  feature  of  our  globe,  that 
our  knowledge  has  increased  of  late  years.  Forty  years  a^o  we  were  profoundly 
ignorant  even  of  its  depth,  with  the  exception  of  a  few  Imes  of  soundings  then 
recently  taken  for  the  first  submarine  telegraph  cables,  and  consequently  we  knew 
nothing  of  its  real  vast  bulk.  As  to  the  life  in  it,  and  the  laws  which  govern  the 
distribution  of  such  life,  we  were  similarly  ignorant,  as  of  many  other  details. 

The  '  Challenger  *  expedition  changed  all  this,  and  save  an  impetus  to 
oceanographic  research  which  has  in  the  bands  of  all  nations  Dome  much  iruit. 

Soundings  have  been  obtained  over  all  parts  of  the  seas,  even  in  the  two  polar 
seas ;  and  though  much  remains  to  be  done,  we  can  now  form  a  very  close  approxima- 
tion to  the  amount  of  water  on  our  earth,  whilst  the  term  '  unfathomable  ocean  * 
has  been  shown  to  have  been  based  on  an  entire  misconception.  Biological  research 
has  also  revealed  a  whole  world  of  living  forms  at  all  depths  of  whose  existence 
nothing  was  known  before. 

In  my  former  Address,  eleven  years  ago,  I  gave  many  details  about  the  sea,  of 
which  I  will  only  repeat  one— wfaach  is  a  fact  that  everyone  should  know — and 
that  is,  that  the  bulk  of  the  ocean  is  about  fourteen  times  as  great  as  that  of  the 
dry  land  above  water,  and  that  if  the  whole  of  that  land  were  thrown  into  the 
Atlantic  Ocean  it  would  only  fill  one-third  of  it. 

Eleven  years  aj?o  the  ^eatest  depth  known  was  4,700  fathoms,  or  28,000  feet. 
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We  have  since  found  several  places  in  the  Pacific  where  the  depth  is  nearly  5,170 
fathoms,  or  31,000  feet,  or  somewhat  higher  tJian  Mount  Everest,  which  has  heen 
lately  definitely  shown  to  be  the  culminating  point  of  the  Himalayas.  These  tety 
deep  parts  of  the  ocean  are  invariably  near  land,  and  are  apparently  in  the  shape  of 
trougns,  and  are  probably  due  to  the  original  crumpling  of  the  earth*s  surface 
under  slow  contraction. 

The  enormous  area  of  the  sea  has  a  great  effect  upon  climate,  but  not  so  much 
in  the  direct  way  formerly  believed.  AVhile  a  mass  of  warm  or  cold  water  off  a 
coast  muijt  to  some  extent  modify  temperature,  a  greater  direct  cause  is  the  winds, 
which,  however,  are  in  many  parts  the  effect  of  the  distribution  of  warm  and  cold 
Water  in  the  ocean  perhaps  thousands  of  miles  away.  Take  the  United  Kingdom, 
notoriously  warm  and  damp  for  its  position  in  latitude.  This  is  due  mainly  to  the 
prevalence  of  westerlv  winds.  These  winds,  again,  are  part  of  cyclonic  systems 
principally  engendered  off  the  coasts  of  Eastern  North  America  and  Newfoundland, 
where  hot  and  cold  sefr-currents,  impinging  on  one  another,  give  rise  to  gieat 
variations  of  temperature  and  movements  of  the  atmosphere  which  start  cyclonic 
systems  travelling  eastwards. 

The  centre  of  the  majority  of  these  systems  passes  north  of  Great  Britain. 
Hence  the  warm  and  damp  parts  of  them  strike  the  country  with  westerly  winds, 
which  have  also  pushed  the  warm  water  left  by  the  dying-out  current  of  the  Gulf 
Stream  off  Newfoundland  across  the  Atlantic,  and  raise  the  temperature  of  the 
sea  off  Britain. 

When  the  cyclonic  systems  pass  south  of  England,  as  they  occasionally  do,  cold 
north-east  and  north  winds  are  the  result,  chilling  the  country  despite  the  waim 
water  surrounding  the  islands. 

It  only  requires  a  rearrangement  of  the  direction  of  the  main  Atlantic  cur- 
tents  wholly  to  change  the  climate  of  Western  Europe.  Such  an  arrangement 
would  be  effected  by  the  submergence  of  the  Isthmus  of  Panama  and  adjacent 
country,  allowing  the  Equatorial  Current  to  pass  into  the  Pacific.  The  gale 
factory  of  the  Western  Atlantic  would  then  be  greatly  reduced. 

The  area  south  of  the  Cape  of  Good  Hope  is  another  birthplace  of  great 
cyclonic  systems,  the  warm  Agulhas  Current  meeting  colder  water  moving  up 
from  the  Polar  regions;  but  in  the  Southern  Ocean  the  conditions  of  the  distribu- 
tion of  land  are  different,  and  these  systems  sweep  round  and  round  the  world, 
only  catching  and  affecting  the  south  part  of  Tasmania,  New  Zealand,  and  Pata- 
gonia. 

In  1894  I  spoke  of  the  movenients  of  the  lower  strata  of  water  in  the  sea  as  a 
subject  on  which  we  were  only  beginning  to  get  a  little  light.  Since  that  year 
we  have  learnt  a  little  more.  It  is  a  common  idea  that  at  the  bottom  of  the  sea 
all  is  still;  but  this  is  a  mistake,  even  for  the  deepest  parts,  for  the  tidal  influence 
reaches  to  the  bottom  and  keeps  every  particle  in  motion,  though  such  motion  is 
quiet  and  slqw. 

Near  the  shore,  however,  though  still  in  deep  water,  the  movement  may  be 
considerably  increased.  Cases  have  occurred  in  late  years  where  submarine  cables 
have  broken  several  hundred  fathoms  deep,  and  when  picked  up  for  repair  it  has 
been  found  that  the  iron  wire  covering  has  been  literally  rubbed  away  as  b^  a  file. 
This  can  only  be  the  result  of  an  undercurrent  along  the  bottom  moving  the 
cable  to  and  fro.  Such  a  current  might  be  caused  by  a  submarine  spring,  for 
there  is  no  doubt  that  much  fresh*  water  finds  its  way  into  the  ocean  in  this 
fashion,  but  it  is  more  probably  generally  an  effect  of  acceleration  of  the  tidal 
movement  due  to  the  rising  slope  of  the  continent. 

In  connection  with  this,  further  facts  have  come  to  light  in  the  course  of 
recent  marine  surveys. 

Many  isolated  shoal  spots  in  the  great  oceans  have  figured  in  our  charts,  the 
results  of  reports  by  passmg  ships  who  have  said  they  have  seen  breakers  in  fine 
weather. 

^  Such  places  are  the  terror  of  seamen,  and  it  is  part  of  the  duty  of  surveying 
ships  to  verify  or  disprove  them.  Very  much  has  oeen  done  in  the  last  eighteen 
years,  with  the  result  that  the  majority  of  them  have,  as  dangers,  disappeared.    In 
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many  cases,  however,  a  bank  has  been  found,  deep  in  the  ordinary  acceptation  of 
the  word,  but  much  less  deep  than  the  surrounding  sea — solitary  ridges,  in  fiict, 
rising  from  the  ocean  floor.  Frequently,  in  examining  these  banks  m  search  of 
shoaler  spots,  breakers  have  been  reported  and  recognised  as  such  on  board  the 
surveying  ship  from  a  distance,  but  on  approach  they  have  proved  to  be  small 
overcurls  caused  bv  tide  ripplings,  and  the  depth  of  water  has  proved  to  be 
several  hundred  &thoms.  These  rippliiSgs  are  clearly  caused  by  the  small  tidal 
motion  in  the  deep  water,  generally  in  these  cases  of  over  2,000  fathoms,  meettng 
the  slope  of  the  subme^d  mountain  range,  being  concentrated  and  accelerated 
until  the  water  finally  flows  up  the  top  of  the  slope  as  a  definite  current,  and 
taking  the  line  of  least  resistance,  that  to  the  surface,  makes  itself  visible  in  the 
shape  which  we  are  accustomed  to  associate  with  comparatively  shallow  water. 

These  cases  form  remarkable  instances  of  the  manner  in  which  extensive 
motion  of  water  may  arise  from  very  small  beginnings. 

An  observation  I  was  anxious  to  make  in  1894  has  been  successfully  carried 
out  since.  This  was  to  ascertain  whether  there  was  any  permanent  undercurrent 
in  the  Straits  of  Bab-el-Maudeb  due  to  more  water  being  forced  through  the  strait 
on  the  surface  by  the  persistent  S.E.  wind  of  winter  than  could  be  evaporated  in 
the  closed  Red  Sea. 

Such  return  undercurrents  have  under  somewhat  similar  circumstances  been 
shown  to  exist  in  the  Dardanelles,  Strait  of  Qibraltar,  and  in  the  Suez  OanaL 

The  observation  at  Bab-el-Mandeb  was  difiicult.  The  wind  is  strong  and  tbe 
disturbance  of  the  sea  is  considerable,  while  the  water  is  120  fathoms  or  700  feet 
deep.  But  a  surveying  vessel  maintained  herself  at  anchor  there  during  four 
days,  and,  by  the  aid  of  an  ingenious  apparatus  sent  from  England  for  the  purpose, 
clearly  proved  the  existence  of  a  current  of  1^  knot  flowing  steadily  at  depths 
below  70  fathoms  out  of  the  Bed  Sea,  whilst  in  the  upper  strata  there  was  a 
similar  current  flowing  in.  In  such  ways  is  interchange  of  water  provided  for 
by  Nature  in  places  where  tidal  action  does  not  suffice. 

In  what  I  fear  is  a  very  discursive  Address  I  have  not  mentioned  the  interior 
of  Africa.  In  the  first  place,  it  is  a  subject  of  itself;  and  as  we  shall  have,  I  hope, 
many  papers  on  African  subjects  I  have  thought  it  better  to  deal  mainly  witli 
generalities. 

Still  I  cannot  refrain  from  a  few  words  to  express  the  astonishment  I  always 
feel  when  I  hear  people  complain  that  Africa  goes  slow.  When  I  look  at  what 
has  been  eflected  in  my  own  lifetime,  it  appears  to  me  that,  on  the  contrary,  it 
has  been  rushed.  The  maps  I  learnt  from  as  a  boy  showed  the  whole  interior  as 
a  blank.  There  are  now  no  parts  that  are  not  more  or  less  known.  The  gpreat 
lakes  have  all  been  revealed ;  the  great  rivers  have  all  been  traced ;  Europeans  are 
now  firmly  fixed  with  decent  governments  in  parts  formerly  a  prey  to  tribal  ware 
and  the  atrocities  of  the  inland  slave  traffic.  Railways  are  running  over  regions 
unknown  forty  jeais  ago,  and  one  of  the  most  astonishing  things  to  4ne  is  that  I 
should  be  able  to  hope  now  to  visit  in  comfort  and  luxury  the  great  Victoria  Falls 
which  mv  old  friend  Sir  John  Kirk — whom  I  left  tlie  other  day  hale  and  hearty— 
was,  with  the  exception  of  Livingstone,  the  first  white  man  to  see,  after  a  long  and 
laborious  ioumey  in  his  company  in  1860. 

I  could  not  help  being  amused  as  well  as  int<erested  at  seeing  a  short  time  ago 
a  proclamation  by  the  Government  of  Northern  Rhodesia,  dated  not  far  fr^m  Lake 
Bangweolo,  calling  on  all  concerned  to  observe  neutrality  during  the  present  war 
between  Russia  and  Japan.  I  think  that  if  anyone  had  prophesied  to  Livingstone, 
as  he  lay  in  1873  lonely  and  dying  by  the  shores  of  that  newly  discovered  lake, 
that  such  an  edict  would  be  issued  in  thirty  years  he  would  have  expressed  s 
doubt  as  to  its  fulfilment. 

To  Southern  Africa  Nature  has  denied  two  of  the  features  that  facilitate  rapid 
progress — good  harbours  and  sufficient  rainfall — ^but  the  energy  of  man  has  done 
wonders  to  provide  the  former  where  possible,  and  will  doubtless  do  more;:  whilst  I 
believe  that  the  lack  of  the  latter  will  also  be  overcome  in  the  same  way.  The 
co-ordinated — or,  in  other  words,  the  scientific — observations  made  in  many  other 
countries  have  pointed  out  a  possible  solution.  On  the  other  hand,  the  height  of  tfao 
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inland  plateaux  makes  it  possible  for  the  white  man  to  live  and  work  in  latitudes 
which  would  under  other  conditions  be  tropical. 

South  Africa  must  have  a  great  future  before  it;  and  while  some  present 
ciicumstances  may  delay  development  of  its  natural  advantages,  I  am  inclined  to 
ihink  that  in  the  long  run  prosperity  may  be  more  solid  and  material  for  being 
made  in  the  face  of  difficulties,  as  has  so  often  occurred  in  the  history  of  the 
world.«  

The  following  Papers  were  read : — 

1.  A  Short  Description  of  the  British  Ordiiance  Survey ,  and  some 
Advantages  to  be  gained  from  a  Topographical  Survey  of  South 
Africa,^    By  Colonel  D.  A.  Johnston,  C.B. 


2.  British  National  A^ntarctic  Expedition  with  t^ie"i Discovery.* 
By  L.  C.  Bebnaccui. 


THURSDAY,  AUGUST  17. 
Joint  Meeting  with  Section  0. — See  page  3931' 


FRIDAY.  AUGUST  18. 
The  following  Papers  were  read : — 
1.  The  Unveiling  of  t/ie  Coast  oj  Africa.    By  H.  Yulb  Oldham. 


2.  Tlie  Visit  of  the  Scottish  Antarctic  Expedition  to  Diego  Alvarez^  or  Gough 
Island.^    By  R.  N.  Rudmosb  Brown. 

This  volcanic  island,  it  was  pointed  out,  was  some  1,500  miles  west  by  south 
from  Cape  Town.  It  was  eight  miles  by  four,  bordered  by  steep  cliffs  200  to  1,000 
feet  hign,  the  land  rising  more  gradually,  with  picturesque  ridges  and  valleys,  to 
4,380  feet.  The  rainfietll  was  great,  and  the  streams  formed  fine  waterfalls  where 
they  fell  over  the  sea  clifiis.  One  or  two  valleys  had  been  cut  down  to  sea-level,  and 
formed  the  most,  convenient  landing-places.  Owing  to  the  stormy  seas  landing 
was  difficult.  The  v^etation  was  abundant,  and  the  Scottish  expedition  dis- 
covered three  new  species  of  plants,  two  new  buntings,  and  a  rich  marine  fauna. 
The  further  exploration  of  the  island  was  much  to  be  desired,  and  should  be  under- 
taken from  Cape  Town. 

3.   The  Indigenous  Forests  of  South  Africa.^    By  E.  Hutchins. 

The  forests  of  South  Africa  may  be  divided  broadly  into  three  classes:  (1)  '^^® 
dense  evergreen  indigenous  forest  of  which  yellowwood  is  the  chief  species,  and 

'  Published  in  fall  in  the  Sootluh  Geographieal  MagatirUy  Janoaiy  1906. 

'  Published  in  the  Scottish  Geographical  Magazine,  August  1906. 

*  Published  in  full  in  the  Geographical  Journal*  f^  t 
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which  is  commoaly  known  as  the  yellowwood  forest.  (2)  Open  timher  forest.  This 
generally  occupies  drier  country  than  the  yellow  forest,  ana  is  forest  of  an  inferior 
type,  tbouffh  it  may  contain  trees  of  the  first  importance,  such  as  the  cedar  fofest 
of  Clanwifliam  and  the  Ubodesian  teak  {Afzelia  ctmanzensU)  forest  of  Wankie. 
(3)  The  scrub  forests  of  the  dry,  hot,  coast  lands,  and  portions  of  the  interior 
Where  the  rainfall  is  scanty  and  uncertain. 

There  is  no  timber  of  large  size  in  the  scrub  forests,  and  hot  mUch  large  timber 
in  the  open  timber  forests:  tbe  most  notable  is  the  cedar  forest  north  of  ( -ape^owh, 
comprising  an  area  of  116,000  acres,  lieaving  the  western  coast  and  its  cedar 
forests  the  dense  yellowwood  forest  is  met  as  soon  as  the  sjuthern  coast  19 
reached.  Tbe  indigenous  yellowwood  forest  of  South  Africa  is  seen  at  its  beat 
in  the  form  of  dense  evergreen  woods  disposed  roughly  in  two  stories.  The  lower 
story  is  formed  by  stinkwood,  ansegai)  hard  pear,  ironwood,  &c.,  and  the  upper 
story  by  the  big  yellowwood  trees*  These  yellowwood  trees  attain  the  stature  and 
dimensions  of  the  largest  oak  trees  of  Europe.  This  forest  stretches  in  a  more  or 
less  broken  belt  along  the  coast  mountains  from  Table  Mountain  to  the  north-east 
of  the  Transvaal.  The  area  of  the  yellowwood  forest  in  Gape  Colony,  Natal,  and 
the  Transvaal  amounts  to  about  524,408  acres.  Across  the  Linipopoi  in  Khodesia,  the 
forest  is  at  a  lower  altitude  and  of  quite  another  type.  Most  of  the  Hhodesian 
trees  are  leaf-shedding,  and  practically  all  of  the  species  are  diflerent  from  those 
in  the  yellowwood  forest.  This  sudden  change  in  the  character  of  the  forest  is  re- 
markable. In  the  north-east  Transvaal,  on  the  Woodbush  Range,  essentially  the  same 
forest  as  at  Knysna  is  seen,  and  only  a  few  species  are  changed  in  the  long  stretch  of 
1 ,200  miles  from  Cape  Town  to  the  north-east  Transvaal.  The  climate  remains  much 
the  same,  altitude  compensating  altitude.  Beautiful  thou[>h  the  indigenous  yellow- 
wood forest  of  South  Africa  is,  its  present  economic  value  is  not  high,  mainly 
owing  to  its  poor  stocking.  The  average  yearly  production  of  timber  throughout 
the  forest  haH  been  variaoly  estimated  at  from  0  to  12  cubic  feet  per  acre.  Prob- 
ably 10  cubic  feet  might  he  taken  as  a  safe  average  figure.  It  is  the  work  of  the 
South  African  forester  to  improve  the  stocking  of  the  indigenous  forests  with  the 
native  trees  by  cuttings  arranged  to  favour  natural  reproduction,  and  at  the  same 
time  to  enrich  the  forest  by  the  introduction  of  the  best  of  the  nnmerous  valuable 
timber  trees  which  are  to  be  found  in  the  extra-tropical  forests  of  other  countries. 
Of  such  trees  the  author  cited  particularly  Cedrela  australis^  the  premier  timber 
tree  of  the  Australian  forests,  and  Sequoia  setnpervirenSf  the  finest  timber  tree  of 
California,  and  probably  of  the  world.  Other  two  trees  which  are  doing  well  as 
planted  trees  are  blackwood  (Acacia  melanoxylon)  and  the  camphor  tree 
( Cinnamomwn  camphora),  Blackwood  spreads  rapidly  with  self-sown  seedlings, 
and  has  a  timber  like  walnut.  J  t  is  hoped  that  these  trees,  introduced  into  the  glades 
and  artificial  openings  in  the  forest,  will  gradually  spread  themselves  into  the 
poorly  stocked  areas  around  and  greatly  increase  the  present  low  value  of  the 
indigenous  timber  forest  of  South  Africa. 


4.  77«j  Climatology  0/ South  Africa,    By  Charles  Stewart,  B,Sc, 

Tlie  author  said  that  South  Africa  consists  essentially  of  a  series  of  four 
plateaux,  increasing  in  elevation  from  south  to  the  interior:  (1)  Coast  Plateau, 
(2)  Southern  or  Little  Karroo,  (3)  Central  or  Great  Karroo,  (4)  Northern 
Karroo,  or,  more  properly,  the  High  Veld.  These  plateaux  were  most  distinctly 
marked  in  a  section  from  north  to  south  through  the  centre  of  the  country,  but 
were  not  so  apparent  in  the  east  and  west,  where  they  were  reduced  to  mere 
terraces. 

Temperature. — One  of  the  most  remarkable  features  in  connection  with  tempera- 
ture was  the  great  uniformity'  in  mean  annual  temperature  shown  by  stations 
diflferin^  widely  as  regards  latitude  and  longitude;  e^.,  Royal  Observatory,  Cradock, 
Bloemfontein,  and  Johannesburg  had  practically  the  same  mean  temperature  of 
about  62°  F.  This  was  due  to  decrease  of  temperature  with  increase  of  elevation 
above  sea- level,  almost  neutralising  the  increase  of  temperature  which  would 
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otherwise  occur  with  increased  intensity  of  solar  radiation  due  to  a  nearer 
approach  to  the  equator. 

A  closer  examination  showed  an  increase  of  temperature  along  the  coast,  from 
north  to  south  along  the  west  coast,  from  west  to  east  along  the  south  coast, 
and  from  south  to  north  along  the  east  coast,  due  chiefly  to  the  modifying  influence 
of  the  cold  Benguela  current  in  the  west  and  the  warm  Mozambique  current  in 
the  east. 

The  extremes  of  mean  temperature  were  IHsa  Head  (3,600  ft),  part  of  Table 
Mountain  in  the  Cape  peninsula,  with  64^*7  F.,  and  Tuli  in  Rhodesia  in  the 
Shashi  Valley  (1,750  ft.)  with  an  annual  temperature  of  72^*4  F. 

The  average  temperature  of  ninety-seven  stations  scattered  over  South  Africa 
was  02° '8  F.,  or  nearly  the  same  as  Sydney,  N.S.W.  The  mean  temperature  curve 
was  at  its  maximum  in  February,  fell  rapidly  till  June,  continued  to  fall  slightly 
in  July,  then  rose,  with  a  peculiar  flatteninj^  of  the  curve  in  September,  to  the 
maximum  in  February.  The  continued  fall  m  the  July  mean  temperature  was 
closely  associated  with  a  peculiar  and,  apparently,  regular  cold  spell  about  the 
middle  of  the  month  ;  the  minimum  for  tne  year  occurred  on  July  16  over  the 
Cape  peninsula,  and  on  July  17  at  Kimberley.  The  flattening  in  September  was 
associated  with  an  increase  in  the  cloud-curve,  which  was  '^coincident  with  the 
change  of  the  prevalent  wind -direct  ion  from  north-west  in  August  to  south  in 
September. 

RainfaU. — ^This  curve  showed  two  maxima — one  in  November  and  one  in  March 
— the  minimum  occurring  in  July.  A  comparison  of  the  thunderstorm-distribution 
curve  showed  that  the  two  maxima  in  the  rain-curve  were  not  coincident 
with  the  two  maxima  in  the  thunderstorm-curve,  the  maximum  in  the  latter 
occurring  in  February  (month  of  maximum  mean  temperature)  and  falling  till 
June,  then  rising  again  to  the  maximum  in  February,  witn  a  dip  down  in  Novem- 
ber. South  Africa  might  be  divided  into  three  rainfall  areas  according  to  its 
seasonal  distribution:  (1)  winter-rainfall  area  in  the  west,  (2)  constant  rains  (small 
area)  in  the  south,  and  (3)  summer  rains  in  the  east.  In  Cape  Town  and  the  west 
generally  the  rain  fell  chiefly  with  north-west  winds,  with  south-west  along  the 
south  coast,  and  with  south-west  and  some  north-east  along  the  east  coast.  There 
was  little  evidence  in  support  of  the '  south-east  rain '  theory,  which  would  apparently 
have  to  be  abandoned  so  far  as  the  coastal  areas  were  concerned. 

Berg  7Ftit<2«.— These  were  foehn-like  winds  experienced  practically  all  along 
the  coasts  blowing  from  off  the  plateaux  at  right  angles  to  the  coast-line,  being 
easterly  in  west,  northerly  along  south  coast,  and  north-westerly  in  the  east. 
Those  at  Port  NoUoth  caused  the  winter  temperature  there  to  be  higher  than  that 
at  Ookiep  (the  reverse  holding  during  the  rest  of  the  year),  andactuaUy  delayed  the 
occurrence  of  the  minimum  mean  temperature  till  August.  These  were  closely 
connected  with  the  occurrence  of  secondaries,  especially  during  autumn  and  the 
early  spring. 

Storms. — The  storms  visiting  South  Africa  seemed  to  be  closelv  connected  with 
moving  anticyclones  and  assumed  apparently  and  principally  the  forms  of  inverted 
V-depressions,  as  in  Australia. 

Sunshine, — ^The  largest  proportion  of  sunshine  occurred  in  the  Cape  peninsula 
in  summer  and  was  lowest  in  winter ;  whereas  at  Kimberley,  which  was  typical  of 
the  greater  part  of  the  central  plateau  regions  of  Cape  Colony,  the  largest  propor- 
tion of  sunshine  occurred  in  the  winter  months,  when  the  days  were  mostlv  bright 
and  cloudless,  although  the  night  temperature  was  fre(]uently  low  (below  neezing- 
point)  and  severe.  This  fact  had  an  important  bearmg  on  the  suitability  of  the 
Karroo  for  phthisical  patients  and  other  invalids. 
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JOHANNESBURG. 

TUESDA  F.  AUGUST  29. 

The  following  Papers  were  read : — 

1.  The  Sikhim  Himalayaa  and  Tibet. 
By  Douglas  W,  Frkshiiblp,  M.A, 


2.  The  Physical  FecUures  of  the  Transvaal^ 
By  Tudor  G.  Trevor,  F.G,S. 


The  TriangvJatian  of  the  Johanned)urg  Gold  Fields^ 
By  C.  VAN  DER  Stbbr. 


4.  Geographical  Notes  on  Africa  South  of  the  Limpopo,^ 
By  F.  S.  Watermeyer. 

The  author  gave  a  brief  historical  sketch  of  the  cartograph]^  of  South  Africa, 
traced  the  history  of  its  population,  and  discussed  the  physical  features  and 
climatic  phenomena  that  presented  themselves  with  regara  to  their  influence  on 
the  development  of  the  nastoral  and  agricultural  industry  of  the  country.  His 
history  of  the  cartograpny  of  Africa  commenced  with  a  description  of  the  map 
of  Herodotus  and  concluded  with  the  geodetic  survey  now  being  conducted 
under  the  supervision  of  Sir  David  Gill.  The  distribution  of  native  races  was 
described,  and  an  historical  sketch  of  the  European  colonisation  of  the  sub-continent 
was  incorporated  from  the  Cane  census  returns.  He  said  that  the  beet  watered 
part  of  the  country  was  along  tne  eastern  slopes  of  the  Drakensberg,  and  the  beet 
wheat^growing  parts  were  on  the  west  coa&t  of  Cape  Colony  from  Elephant's 
lUver  to  Mossel  Bay  and  the  strip  along  the  western  slopes  of  the  Drakensbeiv. 
The  Agricultural  Department  of  the  Transvaal  was  doing  yeoman  service  m 
proving  the  capabilities  of  the  country  for  agriculture  and  stock-farming. 


WBDyESDAY,  AUGUST  30. 

The  following  Papers  were  read : — 

1.  Artificial  Globes  and  tJieir  place  in  Geography, 
By  Captain  E.  W.  Creak,  C.^.,  R.N.,  F,R.S. 

In  view  of  the  world-wide  extent  of  the  British  Empire  and  the  extent  of  its 
commerce,  it  is  at  least  very  remarkable  that  a  lack  of  geographical  knowled^ 
prevails  to  a  large  extent  amongst  our  people.  The  telegraph  has  placed  us  in 
aimoet  daily  communication  with  all  parta  of  the  habitable  world,  yet,  even  of 
those  parte  where  live  our  colonial  hitn  and  kin,  how  much  ignorance  there  is  in 
the  Bntish  Isles  of  the  relative  positions  of  those  parts,  their  distance  apart,  and 
general  distinctive  features. 

.Little  has  hitherto  been  done  to  remedy  this ;  but  there  are  unmistakable  signs 

■  Published  in  fall  in  the  Oeographieal  Jtmmal,  1906. 

'  Published  in  the  Journal  of  the  Institute  of  Land  Surveyort  of  the  Transvaal. 
*  Published  in  full  in  the  Scottish  Geographical  Magazine  for  December  190& 
and  January  1906. 
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tlutt  the  importance  of  geographical  knowledge  is  becoming  more  and  more  recog- 
nised ;  and  surely  it  is  time  that  it  should  be  so. 

In  our  elementary  schools  it  is  clear  that  geography  is  often  badly  taught,  and 
only  by  maps ;  even  where  terrestrial  globes  are  provided,  they  are  misused.  In  our 
great  public  schools  there  is  also  great  neglect  of  geography,  want  of  time  being 
often  the  excuse  for  its  omission,  or,  at  best,  for  its  casual  introduction. 

What  should  be  the  basis  of  sound  geographical  education  P  Certainly  not  maps, 
but  globes.  This  view  is  strongly  supported  by  such  authorities  as  the  late  Professor 
£lis^  Reclus,  of  Belgium ;  Prorossor  Michael  Sadler ;  Mr.  H.  J.  Mackinder,  who, 
spoke  strongly  in  this  sense  at  the  Southport  meeting  of  this  Association ;  and, 
lastly,  by  Ix)rd  Kelvin,  who  wrote  last  year :  *  In  respect  to  schools  it  has  been  a 
very  retrograde  movement,  the  neglect,  the  almost  total  cessation  of  the  use  of  the 
globes.' 

Although  teaching  should  begin  in  the  home,  we  must  look  for  the  present  to 
the  '  dame  schools,'  or  wherever  the  youngest  children  are  taught,  ana  there  no 
map  should  be  allowed  to  be  used  until  the  little  ones  have  become  familiar  with 
the  artificial  globe,  as  the  best  available  illustration  of  the  natural  globe  they 
inhabit.  Then,  as  we  cannot  indefinitely  increase  the  size  of  globes,  maps  may  be 
introduced  to  show  the  details  of  small  areas  of  the  parent  artificial  globe  on  a 
large  scale.  Maps  on  Mercator's  projection  should  be  excluded  until  a  late  date  in 
education. 

Even  in  public  and  private  schools  the  globe  should  still  hold  a  place — ^so 
much  can  be  taught  by  it  in  the  practical  and  intelligible  solution  of  spherical 
triangles,  in  astronomy  and  navigation,  as  well  as  geography. 

i^uming  that  the  use  of  globes  is  the  only  sound  basis  of  teaching  geography , 
may  it  not  be  expected  that  ii  we  so  train  up  our  children,  then  when  they  are  old 
they  will  not  depart  from  it  ?     ' 

A  globe,  or  a  familiar  acquaintance  with  it,  is  an  absolute  comfort,  as  well  as 
an  invaluable  aid,  to  the  man  or  woman  who  wishes  to  read  a  book  or  even  the 
morning  paper  intelligently,  let  alone  its  great  value  in  studying  terrestrial  mag- 
netism and  seismology. 

2.  Excursions  as  a  meaiu  o/TecLching  Geography.     By  J.  Lomas,  F.G.S, 


3.  The  Cycle  of  Geographic  Forms  in  an  Arid  Area,^ 
By  Professor  W.  M.  Davis. 

Assuming  the  existence  of  an  arid  region  where  the  rainfall  was  practically 
nilyor  sosmall  that  no  rivers  were  formed,  the  water  being  absorbed  be^re  travel- 
ling more  than  a  short  distance,  the  inevitable  action  of  such  conditions  upon  the 
sunace  of  the  country  was  shown.  Starting  with  a  rough  and  uneven  country, 
when  slight  rainfall  occurred  the  water  would  run  down  the  slopes  and  collect  m 
hollows.  In  course  of  time  the  slopes  would  be  worn  down  until  two  or  more 
basins  joined,  then  gradually  the  waste  would  all  become  deposited  on  the  lowest 
level  or  basin.  It  would  not  remain  a  flat  surface,  for  wind  effect  must  be  taken 
into  consideration,  particularly  in  such  an  arid  region.  The  wind  would  blow  the 
waste  about  and  remove  it,  and  the  surface  rock  would  be  exposed  or  only  slightly 
covered,  and' eventually  the  surface  might  be  planed  down  below  the  level  of  the 
ocean.  The  author  thought  *  pans '  might  be  the  result  of  wind  excavation  in  a 
more  arid  period  than  now  prevails. 


'  Pablishad  in  full  in  the  6hogreffihiedl  Journal,  Januaiy  1906. 
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FRIDAY,  SEPTEMBER  1. 
The  following  Papers  were  read : — 

1.  TJie  Gatne  Preserves  of  the  Transvaal.^ 
By  Major  Stevenson  Hamilton,  D.S.O, 


2.  Boundaries  and  Areas  in  Africa,     By  J.  Bolton. 

ThU  paper  was  confined  mainly  to  a  general  reference  to  the  boundaries  of 
Briiish  colonies,  protectorates,  &c.y  with  8j[>ecial  reference  to  those  boundary 
treaties  and  agreements  that  have  resulted  in  boundary  surveys,  these  surveys 
being  almost  the  only  pieces  of  scientific  map-making  in  the  whole  continent  of 
Africa. 

The  colonies  and  protectorates  in  the  Northern  Torrid  Zone  were  treated  very 
briefly,  as  here  there  is  little  or  no  room  for  white  colonisation,  and  there  is  no 
white  resident  population.  In  this  group  comes,  first  in  order,  The  Colony  of  the 
Oambia,  with  a  boundary  described  only,  and  not  surveyed,  leaving  room  for  dis- 
pute or  arbitration,  both  equally  to  be  avoided.  Next  comes  The  Colony  and  Pro- 
tectorate of  Sierra  Leoney  with  boundaries  surveyed  and  mapped,  the  northern 
part  by  Colonel  Trotter  (the  Anglo-French  Boundary  Commission,  1895-96)  and 
the  eastern  part  by  Captain  Pearson  (the  Anglo-Liberian  Boundary  Commission, 
1903).  These  boundanes,  which  were  at  one  time  pregnant  with  trouble,  are  now 
admirably  fixed,  and  are  not  likely  to  breed  internationsl  mischief.  Then  follows 
The  Oold  Coast  Colony,  a  very  ancient  British  possession,  the  boundaries  of  which 
have  been  surveyed  by  an  Anglo-French  Boundary  Commission  in  1901-03  on 
the  Ivory  Coast  frontier,  and  by  an  Anglo-German  Boundary  Commission  in  1905 
on  the  Togoland  frontier.  The  boundary  between  the  northern  territories  and  the 
French  Sudan  was  surveyed  b^  an  Anglo-French  Boundary  Commissiou  in 
1900,  reducing  the  possibility  of  disputes  to  a  minimum. 

The  Colony  of  Lagos  has  only  its  western  boundary  common  to  another 
nation,  and  this  boundary  was  surveyed  in  1896-97  by  an  Anglo-French  Boundary 
Commission. 

The  Niyer  Territories,  occupied  by  British  merchants  in  the  coastal  region  for 
upwards  of  two  hundred  years,  have  been  created  a  British  possession  by  the 
energy  and  persistence  of  one  man,  Sir  George  Taubman  Goldie.  The  boundaries  of 
the  portion  now  known  as  Northern  Nigeria  have  been  surveyed  between  the  Niger 
and  Lake  Chad  by  Lieut.-Col.  Elliot,  R.E.,  with  the  Auj^lo-French  Boundary 
Commission  of  1902-03,  and  from  the  Benue  River  to  Lake  Chad  by  Col.  Jackson, 
R.E.,  with  the  Anglo-German  Boundary  Commission  of  1903-04.  Unfortunately 
the  Anglo-French  Agreement  of  1904  was  negotiated  before  Lieut.-Col.  Elliot,  or 
his  surveys,  could  reach  home,  and  the  alterations  conceded  by  the  Agreement 
may  necesntate  another  Boundary  Survey  Comoussion.  On  the  extreme  east  lies 
The  Somali  Coast  Protectorate :  here  several  boundary  agreements  have  been  made 
with  the  bordering  Powers,  but  the  boundaries  have  only  been  described  on  paper, 
have  not  been  surveyed,  and  are  consequently  open  to  dispute. 

Uganda  and  British  East  Africa  have  but  indefinite  boundaries  on  the  north 
and  east.  On  the  east  a  survey  of  the  Juba  River  from  the  coast  to  latitude 
20°  30'  N.  was  made  by  Commander  Dundas  in  1892;  but  this  cannot  be  con- 
sidered a  boundary  survey,  and,  moreover,  modifications — concessions  to  Italy — 
have  been  made  recently  that  will  necessitate  a  survey  here. 

On  the  south  boundary  surveys  have  been  made  from  the  coast  to  Mount 
Kilimanjaro  by  Mr.  Smith  in  1802 ;  from  Mount  Kilimanjaro  to  Ijake  Victoria 
by  Lieut.-Col.  Smith,  R.E.,  in  1904-05,  and  from  the  eastern  shore  of  Lake  Victoria 
to  the  Congo  Free  State  boundary  by  Col.  Delm^Radcliffe  in  1904.  This  com^ 
pletes  the  description  of  the  boundaries  of  British  possessions  that  lie  entirely 
within  the  equatorial  belt. 

»  Published  in  the  Oeographieal  Journal,  1906.   ^  ^ 

Digitized  by  VjOOQ IC 


tRANSAOTlONS  OF  SECTION  E.  466 

South  of  this  belt  lies  that  collection  of  colonies,  protectorates,  and  Chartered 
0ompany*8  territory  which  at  some  future,  but  perhaps  not  distant,  date  is 
destined  to  become  the  powerful  Commonwealth  of  South  Africa.  Only  the  outer 
boundary  of  this  block  is  of  an  iDtemati(jpal  character :  this  boundary  commences 
on  the  Atlantic  coast  at  the  mouth  of  the  Orange  River,  and  is  described  in  the 
Anglo-German  Agreement  of  July  1, 1890.  An  accurate  survey  has  been  made 
of  the  German  Bechuanaland  boundary;  and  Captain  Close,  in  1898,  with  the 
Anglo  German  Boundary  Com  misf>ion,  triangulated  the  Nyasa-Tanganyika  plateau 
and  made  an  excellent  survey  and  map  of  the  boundary.  The  boundary  of  the 
Con^o  Free  State  has  not  been  surveyed  ;  but  as  it  follows  in  large  part  a  water* 
partmg  and  a  river  bed,  there  is  only  small  chance  of  disputes.  The  eastern  bound- 
ary of  this  vast  area  commences  at  the  parallel  of  2G  30'  S.  lat.  The  Delagoa 
Bav  Arbitration  line,  the  boundary  common  to  Portugal  and  the  Transvaal 
Colony,  was  surveyed  by  a  Portuguese  Commission  in  1890-91.  From  the 
Limpopo  Eiver  to  18°  S.  lat.  the  boundary  was  surveyed  by  Major  Ijeverson  with 
the  Anglo-Portuguese  Boundary  Commission  in  1892,  and  this  survey  he  continued 
in  subsequent  years  to  the  Mazoe  River. 

In  1893  Mr.  Sawerthal,  with  a  Portuguese  Commissioner,  continued  this 
boundary  demarcation  to  the  Zambezi  River,  and  Dr.  Rubin's  triangulation  party 
has  surveyed  the  portion  of  the  Loangwa  River  that  forms  the  boundary  here. 
From  the  Loangwa  River  to  the  British  Central  Africa  Protectorate  boundary 
the  line  is  now  being  surveyed  by  Captain  O'Sbee,  R.E.  The  British  Central 
Africa  and  Portuguese  boundary  was  surveyed  by  a  Joint  Commission  in  1899. 
Finally  the  King  of  Italy's  Arbitration  Award  Line  will  help  to  fix  the  boundary 
of  the  Barotse  kingdom. 

The  vast  area  contained  within  the  ring-fence  just  described  is  being  rapidly 
traversed  from  south  to  north  by  a  geodetic  survey  under  the  direction  of  the 
enercetic  Astronomer  Royal,  Sir  David  Gill.  A  complete  toix)graphical  survey 
should  now  be  undertaken. 

The  interior  boundaries  being  but  local  matters  we  pass  on  to  areas. 

The  area  of  Cape  Colony  is  nearly  five  times  the  area  of  England  and  Wales. 

The  area  of  Orange  River  Colony  ia  a  little  larger  than  England. 

The  area  of  Natal  is  considerably  larger  than  Scotland. 

The  area  of  Basutoland  is  nearly  twice  the  area  of  Wales. 

The  area  of  the  Transvaal  with  Swaziland  is  much  larger  than  the  combined 
area  of  ICngland  and  Wdes  and  Scotland. 

The  area  of  British  Bechuanaland,  with  the  Tati  district,  is  nearly  twice  as 
large  as  the  United  Kingdom  of  Great  Britain  and  Ireland. 

The  area  of  Rhodesia  is  nearly  four  times  the  area  of  the  United  Kingdom. 

The  area  of  British  Central  Africa  is  equal  to  the  area  of  Scotland  and  Wales. 

The  total  area  of  this  South  African  Commonwealth  is  1,196,469  square  miles. 

Mineral  areas,  gold,  copper,  iron,  coal ;  areas  suited  to  ranching  and  stock- 
breeding,  to  the  growing  of  cotton  and  tobacco,  tea  and  sugar,  corn  and  other 
cereals,  were  referred  to  by  the  author ;  and  the  prime  necessities  of  the  country 
were  suggested  to  be:  aflbrestation,  irrigation,  means  of  communication,  and  the 
execution  of  a  good  rational  topographical  survey. 


3.  A  new  Rainfall  Map  of  Africa. 
By  A.  J.  Herbertson  and  P.  C.  Waite. 

The  authors  have  revised  the  map  used  ten  years  sgo  for  Bartholomew's 
'  Atlas  of  Meteorology,'  and  have  been  able  to  amend  it  in  details.  They  discussed 
the  general  laws  of  rainfall  distribution  in  Africa.  They  also  pointed  out  how 
by  local  investigations  into  the  distribution  of  rainfall  round  any  special  type  of 
land  form  under  specified  wind  conditions  the  general  map  may  be  interpreted  for 
local  as  well  as  general  conditions. 
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Section  F.— ECONOMIC  SCIENCE  AND  STATISTICS. 

PEaaiDBNT  OF  THE   SECTION. — Rev.  W.  CUNNINGHAM,  D.D.,  D.Sc 


CAPE  TOWN. 

WEBSESDA  Y.AUQ  UST  16. 
The  Preaident  deliyered  the  following  Address : — 

Uncwiacious  Aseumptioiu  in  Ecojwmics, 

Among  the  members  of  auy  such  gathering  as  a  meeting  of  the  Economia 
Section  of  the  British  Association  there  are  likely  to  be  some  who  come  to  give 
information  and  some  who  come  to  get  it.  In  the  latter  class  may,  I  am  sure,  be 
included  all  those  habituis  of  the  Section  who  have  seized  the  opportunity  which 
the  visit  of  the  Association  affords  with  the  view  of  learning  something  about  ther 
present  condition  and  prospects  of  the  enormous  territory  which  we  hope  to  be  able 
to  traverse.  It  may  not  be  so  to  the  same  extent  in  all  Sections.  Those  who  come 
from  the  great  chemical  and  physical  laboratories  of  Europe  may  hare  much  to  say 
as  to  the  result  of  experimental  investigation,  which  they  can  carry  on  under  mors 
favourable  conditions  than  are  at  present  generally  available  to  students  in  South 
Africa.  But  in  Economics  there  is  no  room  for  experimental  inquiries  consciously 
undertaken  in  the  interest  of  the  advancement  of  science.  The  issues  are  too 
serious ;  the  conditions  on  which  they  depend  cannot  be  arranged  for  the  con- 
venience of  the  inquirer.  Economics  is  a  science  of  observation,  not  of  experiment ; 
and  we  are  fortunate  to  find  ourselves  in  specially  favourable  circumstances  for 
noting  and  appreciating  the  results  of  investigations  which  have  been  made  by 
skilled  observers  on  the  spot. 

While  we  gratefully  acknowledge  the  puns  that  have  been  taken  here  in  pre- 
paring papers  for  this  Section,  we  may  yet  feel  that  the  task  we  are  setting 
ourselves  as  visitors  is  not  an  easy  one.  There  are  few  harder  things  in  this  world 
than  to  preserve  a  genuinely  receptive  frame  of  mind,  and  hold  the  judgment  in 
suspense  when  we  are  brought  face  to  face  with  ihe  unexpected.  There  are  so  many 
assumptions  we  all  make,  and  so  many  canons  of  criticism  we  have  habitually 
accepted,  that  are  not  easily  laid  aside,  even  temporarily.  '  The  worst  use  (n 
theory,'  as  a  great  Cambridge  professor  has  warned  us,  *  is  to  make  men  insensible 
to  fact,'  *  and  the  danger  may  oe  most  real  when  we  are  not  aware  of  the  influenoer 
exercised  by  some  hypothesis  which  we  habitually  mske. 

I.  The  popular  discussion  of  economic  problems  teems  with  unconscious  hypo- 
theses, which  tend  to  obscure  the  facts  of  the  case.  Mill  described  poetical 
economy  as  a  science   which,  assuming  the  facts  of  human  nature- and  of  the 
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bkysicai  world,  consideis  the  laws  of  the  production  and  distribution  of  wealth. 
ISut  what  are  the  facts  of  human  nature  which  we  may  legitimately  assume  P  At 
first  sight  we  are  inclined  to  take  for  granted  that  human  nature  is  much  the  same  all 
the  world  oyer.  The  late  Professor  Je  vons  gave  clear  expression  to  this  view.  <  The 
laws  of  political  economy/  he  says,  ^  treat  of  the  relations  between  human  wants 
and  the  available  material  objects  and  human  labour  by  which  they  may  be 
satisfied.  These  laws  are  so  simple  in  their  foundation  that  they  could  apply, 
more  or  less  completely,  to  all  human  beings  of  whom  we  have  any  knowledge. 
He  adds:  '  I  should  not  despair  of  tracing  the  action  of  the  postulates  of  political 
economy  among  some  of  the  more  intelligent  classes  of  animals.'  ^  It  has  seemed 
as  if  in  the  march  of  progress  modem  industrial  conditions  must  inevitably  be 
introduced  in  backward  countries,  and  that  they  would  everywhere  result  in 
moulding  individual  aims  and  character  on  the  same  lines.  £acn  individual  is  to 
some  extent  affected  by  his  environment ;  and  it  has  been  supposed  that  the  keen 
competition  and  struggle  for  existence,  which  in  one  form  or  another  dominates 
economic  life  in  all  parts  of  the  globe,  would  make  for  the  survival  in  all  areas  of 
men  of  the  type  with  which  we  are  familiar  in  business  circles  at  home.  In 
England  there  is  on  the  whole  a  condition  of  free  exchange,  where  each  individual 
puts  in  his  quota  of  service  to  the  community  and  bargains  for  payment.  His 
success  in  the  management  of  land  is  rewarded  by  an  increase  of  rent ;  his  enter- 
prise in  investing  his  capital,  by  larger  profits ;  his  diligence  and  skill  as  a  workman, 
oy  the  wages  he  draws.  The  man  who  is  self-disciplined  enough  to  follow  routine 
work  habitually  for  the  sake  of  reward,  and  whose  ambitions  lie  in  the  direction  of 
better  paid  ana  more  responsible  service,  is  the  normal  man  of  such  a  society.  But 
it  must  be  remembered  that  modem  civilisation  is  also  producing  another  class ; 
whatever  the  force  of  social  environment  may  be,  it  does  not,  as  a  matter  of  fact, 
f6rm  each  unit  of  the  rising  generation  on  the  same  type.  There  are  men  who  do 
not  fit  readily  into  our  modem  system ;  they  dislike  tiie  monotony  and  stationary 
life  which  steady  industry  imposes,  though  they  may  be  able  to  work  well  and 
hard  when  the  fit  takes  them.  The  tramp  of  the  American  continent  is  as  much 
the  product  of  existing  industrial  conditions  as  the  ambitious  leader  of  an  organised 
body  of  skilled  artisans.  The  '  ins  and  outs'  of  Great  Britain  have  characteristics 
which  may  be  described  as  nomadic'  Economists  recognise  that  the  fiuidity  of 
labour  is  one  of  the  assumptions  that  can  be  fairly  made  in  regard  to  modem 
society.'  The  conditions  under  which  labour  is  fiuid  give  opportunity  for  the 
growth  of  a  half-employed  and  migratory  class,  who  are,  as  a  class,  a  tax  upon  the 
well-being  of  society,  it  is  the  greatest  of  all  problems  in  the  Old  World  to  see  how 
the  educative  influence  of  society  can  be  brought  to  bear  so  that  it  shall  rear  as 
much  as  possible  the  sort  of  man  who  is  '  capable  of  standing  on  his  own  feet  and 
of  contracting  when  and  how  to  render  services  to  those  who  are  willing  to  ofier 
services  he  wants  in  return.'  The  question,  What  is  to  be  done  with  those  who 
cannot  and  will  not  thrive  on  this  system  ?  is  constantly  presenting  itself  in  new 
forms.  For  our  present  purpose  it  may  suffice  to  recognise  that  this  question 
exists,  and  that  even  when  the  conditions  of  race  and  history  and  social  surround- 
ings are  similar  they  do  not  produce  one  type  of  individual  only.  Under  these 
circumstances  we  can  no  loiter  take  for  granted  that  human  aims  and  activities 
are  becoming  closely  similar  in  all  parts  of  the  globe,  even  for  economic  purposes. 
The  individual  estimate  of  the  utility  and  disutility  of  labour  at  any  given  moment 
may  oflen  be  very  different  from  that  which  the  economist  would  assume  to  be  the 
natural  conclusion.  It  is  obviously  absurd  to  suppose  of  vast  numbers  of  our 
fellow-creatures  that  they  are  in  the  habit  of  acting  in  accordance  with  what  appears 
to  be  common-sense  to  the  average  travelling  Englishman,  but  they  need  not  neces- 
sarily be  fools  on  that  account. 

II.  What  is  true  of  unconscious  assumptions  in  regard  to  individuals  per- 
sonally iJso  holds  good  for  the  mechanism  of  society ;  we  cannot  assuine  that  it 

*  W.  S.  Jevons,  Principles  of  Eeonomioi,  p.  196. 
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works  eyery where  in  the  same  way.  The  Classical  Economists  were  inclined  t6 
limit  their  mvestigations  to  the  areas  and  re^ons  where  free  competitioik  has  beeil 
dominant,  and  therehy  to  exclude  from  consideration  all  those  important  probleins 
which  arise  from  the  contact  of  individuals  of  two  races,  with  different  economic 
habits  and  ideals,  upon  the  same  soil.  But  even  if  the  ages  and  areas  of  free  bom- 
petition  could  be  cut  off  from  the  rest  of  the  world,  and  we  fixed  our  attention  ex- 
clusively on  this  single  plane,  we  should  not  find  simplicity  and  uniformity 
ihroiu[hout  the  whole  region.  The  habits  of  buBitiess  practice  and  labour  organisa- 
tion mffer  in  differient  lands :  the  banking  system  in  Scotland  is  by  no  means  the 
same  as  that  in  England,  and  a  form  of  currency  which  finds  favour  in  one  is  illegal 
in  the  other.  There  is  also  a  waut  of  complete  conformitj^  between  the  Eastern 
and  the  Western  States  in  this  matter ;  we  cannot  argue  directly  from  the  one  to 
the  otheh  When  this  is  true  about  the  medium  of  exchange,  it  is  obvious  that  the 
differences  between  one  highly  advanced  community  and  another  in  regard  to  the 
terms  on  which  labour  is  carried  on,  or  the  method  in  which  land  is  managed,  will 
be  even  more  striking. 

The  great  difference  in  the  working  of  the  mechanism  of  society,  as  we 
know  it  in  England  and  as  we  find  it  in  other  lands,  was  the  chief  impression 
which  was  left  on  my  mind  on  the  occasions  when  I  have  had  the  opportunity  of 
travelling  far  afield.  A  quarter  of  a  century  ago  it  was  my  good  fortune  to  spend 
a  few  months  in  India,  and  to  get  some  insight  into  the  extraordinary  contrasts 
between  Britain  and  her  great  Dependency.  At  that  time  many  of  the  changes 
which  had  revolutionised  English  industry  and  internal  traffic  were  beginning  to 
make  themselves  felt  throughout  India.  Railway  communication  was  being 
opened  up  in  all  directions,  and  cotton  spinning  was  carried  on  at  mills  in  Bombay, 
and  in  Hyderabad  in  the  Deccan.  The  results  of  tlio  age  of  mechanical  invention 
had  begun  to  invade  the  changeless  civilisation  of  the  East.  Still  the  persistence 
of  the  old  order  was  also  noticeable.  The  village  community,  as  an  exclusive 
.  group,  with  the  headman  who  supervised  all  transactions  with  the  outer  world, 
forced  itself  upon  my  attention  when  I  attempted  to  hire  a  pony  to  visit  the  cave 
at  Karli.  I  passed  a  granary  in  Kathiawar  where  the  officials  of  a  native  State 
were  measuring  out  the  crop  and  collecting  the  revenue  in  kind.  The  highly 
developed  gild  system  at  Ahmedabad  was  the  very  image  of  much  that  I  bad  read 
of  regulated  industry  in  mediaeval  towns.  On  every  side  it  seemed  as  if  the  sur- 
vivals of  the  past  had  been  preserved  in  the  East,  so  as  to  make  the  story  of 
bygone  ages  in  the  West  alive  before  my  eyes.  On  the  other  hand,  the  transition 
from  the  old  to  the  new,  which  had  gone  on  steadily  in  England  for  centuries, 
seemed  to  be  ready  to  eweep  over  Hindustan  like  a  flood,  that  would  disintegrate 
existing  institutions,  while  it  showed  little  constructive  power.  And  when  I  heard 
discussions  on  the  incidence  of  taxation,  the  pressuj-e  of  the  salt  tax,  or  the  im- 
possibility of  imposing  an  income  tax,  I  at  least  realised  that  the  conditions  were 
strangely  unlike  those  of  which  a  Chancellor  of  the  Exchequer  would  have  to  take 
account  in  England.  The  mechanism  of  society  is  entirely  different ;  the  ex- 
pedients which  would  make  for  convenience  and  equality  and  inexpensiveness  in 
England  would  not  necessarily  be  feasible  hi  India  at  all.  * 

Five  years  ago  I  had  occasion  to  reside  for  some  months  in  the  United  States, 
and  once  again  I  came  away  with  a  strong  impression  that  the  mechanism  of 
society  was  very  unlike  that  with  which  I  am  familiar  in  England — the  differences 
were  more  subtle,  but  not  less  real,  than  those  between  Enelish  and  Indian  economic 
life.  Throughout  the  States  there  are  few  vestiges  of  past  history ;  the  alleged  relics 
of  Norse  invasion  have  disappeared  under  the  solvent  of  critical  investigation ;  and 
though  frontier  life  has  been  till  lately  an  abiding  factor  in  American  civilisation, 
comparatively  little  influence  has  been  exercised  by  the  native  races  on  the 
economy  of  America  to-day.  The  English  stock,  with  grafts  of  many  kinds,  has 
had  a  clear  space  in  which  to  grow.  In  India  the  conflict  of  the  past  and  the 
present  seemed  to  be  the  dominating  condition,  but  in  America  there  had  been 
room  for  the  development  of  a  new  country  pure  and  simple,  unhampered  by  the 
traditions  and  customs  of  bygone  days,  except  in  so  far  as  their  wisdom  was  con- 
firmed in  present  experience.     Hence,  on  the  other  side  of  the  Atlanta  the 
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practical  economic  problems  as  to  the  development  of  a  large  and  wide  territory 
are  presented  in  their  simplest  form.  It  is  mere  that  we  can  note  most  clearly 
the  lines  on  which  modem  industry  and  commerce  develop  with  the  full  employ- 
ment of  modem  appliances  and  the  minimum  of  control  from  traditional  habits 
and  institutions. 

There  is  one  economic  conception  which  is  deeply  ingrained  in  English  habits, 
and  which  seems  to  me  to  have  no  corresponding  hold  in  Am'^rica — ^that  of  the 
market.  Its  former  importance  as  the  centre  of  trade  in  many  towns  is  sufficiently 
vouched  for  by  the  space  that  it  occupies,  and  its  legal  history  takes  us  back  to  the 
very  beginning  of  urban  life  in  England.  In  m^nval  opinion  a  sale  in  open 
market,  where  bujrers  and  sellers  met  together  publicly,  had  all  the  guarantees  of 
an  honest  transaction ;  it  was  important  both  as  evidence  of  the  sue  and  as  an 
indication  that  the  bargain  was  above  board  and  fair,  since  there  was  one  price  for 
all  alike.  IVivate  transactions  which  did  not  come  into  the  market — forestalling  and 
such  like — were  viewed  with  suspicion ;  they  were  supposed  to  be  methods  by  which 
some  wily  person  drove  an  extortionat-e  bargain  or  gained  at  the  expense  of  others. 
And,  in  modern  times,  organised  markets,  where  there  are  facilities  for  public 
information,  are  common,  not  only  in  every  locality,  but  in  a  great  variety  of  trades. 
Commercial  transactions  in  the  United  States  seem  to  have  sprung  up  and 
developed  on  rather  different  lines ;  markets  are  frequented  in  the  country  towns 
of  Lower  Canada,  but  there  is  litUe  sign  of  them  in  the  cities  of  the  States.  It 
almost  seems  as  if  commercial  practice  there  were  based  on  the  habit  of '  having  a 
deal '  privately,  and  took  its  character  from  transactions  outside  a  market  rather 
than  from  the  hilling  which  occurs  where  many  buyers  and  sellers  meet.  There 
can,  at  least,  be  little  doubt  that  the  methods  of  bargaining  which  are  current  in 
the  States  have  been  favourable  to  the  building  up  of  great  organisations— both 
the  industrial  organisations  which  control  all  parts  of  some  industrial  process, 
and  the  trusts  which  monopolise  some  line  of  business.  The  lack  ot  public 
markets,  either  for  produce  or  for  goods,  at  various  stages  of  the  process  of  manu- 
facture, has  apparently  rendered  it  easier  to  form  great  monopolies  in  America 
than  it  would  have  been  in  Great  Britain.  Indeed,  it  may  almost  be  said  that 
the  struggle  for  existence  among  business  rivals  takes  a  different  form  in  the  two 
countries.  As  Professor  Jenks  points  out,  the  whole  terminolop;y  which  is 
habitually  employed  to  analyse  the  movements  of  prices  in  England  is  inapplicable 
to  the  United  States.  ^The  normal  price  of  economists  has  been  based  upqn 
cost  of  production  under  a  system  of  competition  among  small  capitalists.'  Bqt  iQ 
such  an  industry  as  sugar-refining,  in  the  United  States,  this  condition  does  not 
hold  good.  ^  There  is  no  normal  level  of  competitive  price  based  on  the  cost  of 
production.'^  The  whole  industrial  organisation  takes  other  forms,  and  the 
mechanism  of  competition  does  not  work  in  the  fashion  which  English  econoinists 
would  assume.  We  have  need  to  be  doubly  on  our  guard,  since  unconscious 
assumptions  may  not  only  affect  our  powers  of  observation,  but  may  also  be 
present  to  colour  the  language  we  use  in  describing  unfamiliar  phenomena. 

III.  It  is  not  easy  to  overrate  the  services  which  the  Classical  Economists 
rendered  in  their  day  to  the  progress  of  Economic  Science,  owing  to  the  clearness 
cf  the  conceptions  they  applied  to  the  limited  field  they  studied,  and  to  the 
accuracy  they  endeavoured  to  introduce  in  regard  to  the  use  of  familiar  languages. 
It  was  their  mbfortune,  rather  than  their  fault,  that  their  manner  of  treating 
individual  human  nature  and  the  mechanism  of  society  has  given  some  excuse  for 
the  popular  misuse  of  their  teaching.  In  the  public  mind,  principles  which  had 
been  legitimately  put  forward  as  convenient  hypotheses  for  tne  investigation  of  a 
particular  sphere  nave  been  transmuted  into  axioms  of  universal  applicability. 
But  when  we  turn  to  other  subjects  of  economic  inquiry,  the  limitations,  and  con- 
sequent defects,  of  the  Classical  school  become  more  apparent.  The  idea  of  the 
growth  of  society  was  not  easily  brought  within  the  hmits  of  a  system  which 
makes  so  much  use  of  terminology  borrowed  from  physics.  Some  of  the  precursors 
gf  Economic  Science  in  England  had  treated  national  life  as  organic,  and  had  relief 


'  J,  W.  Jenks,  The  Trust  Problem,  p  141, 
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on  biolo^pcal  conceptions.  Hobbes  had  dcToted  a  chapter  of  the  *  Leyiatban '  to 
the  nutntion  and  procreation  of  States ;  *  and  Sir  William  Petty,  who  had  held 
the  Chair  of  Anatomy  in  the  University  of  Oxford,  entitled  an  important 
statistical  work  'The  Political  Anatomy  of  Ireland/  But  another  and  less 
fruitful  habit  of  thought  existed  side  by  side ;  the  Mercantilists,  m  discussing  the 
benefits  of  commerce,  wrote  much  of  the  balance  of  trade ;  and  the  physical 
analogies  they  introduced— especially  the  notion  of  equilibrium— exerted  a 
dominating  bflueuce  over  the  form  which  the  science  took  in  the  hands  of  the 
Classical  Economists.  These  last  were  so  much  ahsorbed  in  the  discussion  of  the 
mechamsm  of  exchange  and  the  mechanism  of  society  that  they  failed  even  to 
recognise  that  it  is  essentially  organic.  As  has  been  well  said,  '  the  Classical 
Economists  belonged  to  the  pre-Darwinian  age.  We  differ  firom  them  in  our 
whole  view  of  life  and  of  the  ends  of  life — ^in  our  whole  mental  method  as  weU  as 
in  our  possession  of  the  practical  experience  of  the  last  sixty  ^ears/  '  It  is  only 
in  recent  years,  when  we  have  passed  beyond  the  arbitrary  limits  they  accepted 
and  imposed,  that  it  has  been  possible  to  enter  on  new  fields  of  research.  Carl 
Biicher '  has  brought  out  the  importance  of  the  relations  which  subost  between 
economics  and  anthropology,  and  Thorold  Rogers  proved  himself  a  vigorous 
pioneer  in  the  interpretation  of  history.  In  this  nshion  the  whole  range  of  the 
phenomena  of  economic  life,  in  its  earlier  as  well  as  in  its  later  forms,  is  being 
Drought  within  the  sphere  of  scientific  treatment  as  exhibiting  various  stages  of 
growth.  The  men  oi  the  classical  period  of  Economics,  who  devoted  themselTesto 
the  study  of  new  countries,  were  not  in  a  position  to  deal  with  the  subject  properly, 
and  Uieir  writings  seem  singularly  lacking  in  grasp.  Times  have  changed  since 
their  day,  both  politically  and  economically.  Lord  Brougham  wrote  at  a  date 
when  responsible  government  was  undreamed  of;  he  pleaded  for  the  benevolent 
treatment  of  dependencies,  and  his  language  is  wholly  inapplicable  to  the  great 
self-governing  nations  which  have  been  formed  partly  under  English  influence  and 
partly  throufpi  English  neglect.  But  none  the  less  is  his  writing,  and  that  of 
some  other  enthusiasts  for  the  development  of  the  colonies,  of  abiding  value  as  a 
monumental  warning  against  a  sort  or  pseudo-philosophic  habit  of  mind.  There 
is  an  underlying  assumption  that  the  one  type  of  colony  he  had  in  mind  was  the 
only  one  worth  taking  into  account ;  he  was  really  thinking  of  a  particular  case, 
but  he  allowed  himself  to  write  of  it  in  general  terms,  and  thus  to  give  an  air  of 
philosophical  detachment  to  his  remarks.^  In  the  year  1803  there  were  many 
circumstances  that  gave  prominence  to  questions  connected  with  the  West  Indies ; 
the  agitation  in  regard  to  the  slave  trade  was  one,  the  trade  rivalry  between  the 
French  and  Spanish  and  English  islands  was  another.  Brougham  was  thinking  of 
the  West  Indies ;  all  that  he  said  of  the  dependence  of  these  little  islands  on  the 
Mother  Country  for  defence,  of  the  necessity  of  the  colonists  relying  on  English 
help  to  repel  prospective  invasions  and  annexation  by  France  or  Spain,  was  true 
enough;  it  might  well  lie  at  the  basis  of  the  economic  relations  between  the 
planters  and  the  Government  in  England,  but  it  has  no  bearing  on  the  actual  con- 
ditions of  the  great  continental  countries  which  are  still  called  colonies,  and  which 
are  at  least  under  no  anxiety  as  to  their  ability  to  repulse  a  foreign  invader. 

The  ^atest  of  all  Brougham's  contemporaries  who  wrote  on  the  art  of 
colonisation  was  not  exempt  from  a  similar  defect;  he  professed  to  write  in 
general  terms.  Few  names  are  more  deserving  of  honour  than  that  of  Edward 
Qibbon  Wakefield,  and  there  is  something  very  extraordinary  in  the  contrast 
between  the  strong  practical  sense  which  distin^ished  him  as  a  man  of  a'^.tion, 
and  the  doctrinaire  spirit  which  pervades  his  wntings.  He  fell  into  the  error 
which  characterised  the  Classical  school  when  they  dealt  with  practical  problems, 

>  Pt.  ii.  ch.  xxiv.,  Camb.  Univ.  Press  Edition,  p.  175. 

*  J.  L.  (Marvin,  *  Principles  of  Constructive  Economics/  in  €ampairi4ff-$*  Cluk 
Lecturei  L  2. 

'  Arbeit  und  Hhythmui.  His  IndHitrial  EwhOim  has  been  translated  by 
Dr.  S.  M.  Wickett,  and  I  desire  to  acknowledge  my  indebtedness  to  the  volume. 

*  Lord  Brougham,  The  CoUmuU  Policy  of  ICuropean  Rations  (1803),  i.  108. 
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and  generalised  from  the  special  conditions  of  his  own  day.^  There  was,  to 
Wakefield^s  mind,  one,  and  one  only,  method  of  successful  colonisation ;  all  others 
were  to  be  condemned  in  so  far  as  they  departed  from  the  true  system  which  he 
had  demised.  Wakefield,  too,  was  the  victim  of  unconscious  assumptions;  the 
type  of  colony  he  had  in  mind  was  a  white  man's  country,  in  which  raw  produce 
might  be  obtained  for  export.  He  showed  under  what  conditions  Australia, 
Tasmania,  and  New  Zealand  might  be  most  successfully  developed;^  but 
his  scheme  is  certainly  unsuited  to  tropical  regions,  and  it  need  not  necessarily 
be  preferable  to  the  alternative  of  developing  a  community  on  the  lines  of 
subsistence  farming.  On  this  point  at  least  we  can  make  a  very  definite  com- 
parison :  Virginia,  Carolina,  and  Georgia  have  all  been  colonies  which  raised  such 
commodities  as  tobacco  and  rice  and  cotton  for  export ;  they  stfirted  more  rapidly 
than  the  New  England  colonies,  where  the  settlers  were  engaged  in  subsistence 
farming ;  but  as  we  look  at  these  States  at  the  present  time,  we  can  hardly  pay 
that  the  typ  of  community  to  which  Wakefield  devoted  exclusive  attention  is 
that  which  lias  given  rise  to  the  most  healthy  and  vigorous  economic  life. 

Even  Adam  Smith,  in  writing  of  the  growth  of  societies,  fell  into  a  similar 
error :  he  passed  out  of  the  region  of  actual  life,  where  he  showed  himself  such  a 
master,  and  attempted  to  discourse  in  a  pseudo-philosophical  strain  on  the  manner 
in  which  countries  ought  to  have  developed,  but  never  had.  He  allowed  himself 
to  elaborate  an  account  of  a  supposed  natural  progress  of  opulence,  which  might 
have  occurred  in  an  isolated  state.  There  is  scope  for  a  pretty  play  of  fancy  and 
much  elegant  writing  in  such  a  theme,  but  no  attempt  was  made  to  show  that 
Isolated  states  ever  do  develop,  so  long  as  they  remmn  isolated.  Much  may 
be  said  for  the  view  that  the  chief  stimulus  to  development  is  supplied  by  contact 
with  communities  on  a  diflerent  plane  of  economic  conditions.  In  the  history 
of  England  there  are  long  periods  of  apparent  stagnation  and  decline,  and 
occasional  epochs  of  rapid  advance ;  but,  whether  in  the  days  of  the  Danes  or 
the  Norman  kings,  of  the  Edwards  or  the  Georges,  the  opening  up  of  new  trading 
relations  has  been  the  impetus  to  internal  development.  Economic  experts  are 
not  even  yet  acquunted  with  philosophical  principles  as  to  the  manner  in  which 
communities  ought  to  develop,  and  therefore  we  are  not  justified  in  pretending  to 
train  up  a  young  country  in  the  economic  way  it  should  go. 

IV.  Every  undeveloped  country  presents  a  network  of  fresh  problems,  each  of 
which  must  be  studied  separately ;  but  they  must  also  be  considered  as  interrelated 
and  viewed  in  their  mutual  dependence.  There  is  a  mass  of  experience  in  the  past 
which  may  be  drawn  upon  as  a  help ;  we  may  appropriate  it,  and  save  ourselves  the 
expense  of  buying  fresh  experience  in  a  costly  fashion ;  but  in  order  to  reap  the 
fruit  of  human  experience  in  the  past  we  must  be  prepared  to  take  a  great  deal 
of  trouble ;  it  is  not  lying  about  for  anyone  to  pick  up  at  haphazard.  The  teachings 
of  history  as  to  the  rise  of  great  nations  from  small  beginnings^  or  as  to  the  causes 
which  have  led  to  premature  decay,  do  not  lie  on  the  sunace.  Since  the  days 
when  Lord  Burleigh  recognised  that  the  mineral  wealth  of  the  Spanish  conquests 
in  the  New  W^orld  did  not  really  add  to  the  strength  of  the  monarchy  at  home, 
there  has  been  a  tendency  to  disparage  extractive  industries.  *  Moile  not  too 
much  underground,'  said  Lord  Bacon, '  for  the  hope  of  mines  is  very  uncertain, 
and  useth  to  make  the  planters  idle  in  other  things' ;  ^  and  Adam  Smith  does  not  at 
all  dissodate  himself  from  this  view.'*  It  appears  to  have  been  thought  that  mining 
for  the  precious  metals,  however  attractive  it  might  be  for  a  time,  could  never  be  a 
secure  ioundation  for  the  building  up  of  stable  society.  But,  after  all,  it  would  be 
wise  to  discriminate  a  little  before  we  adopt  this  conclusion,  and  to  examine  the 
condition  of  different  parts  of  Spanish  America  separately.'  The  richest  mines  ot 
all,  those  of  Peru,  were  situated  on  the  arid  slopes  of  the  Andes,  where  cultivation 

*  Cunmngham,  Oronoth  cf  EnglUh  Induxtry  and  Commerce  in.  Modem  Timet, 
p.  740. 

•  E.  G.  Wakefield,  Art  of  Colonimtian.  ■  Etmy  on  Plantations. 

*  Wealth  of  JVdtiofM  (Nicholson's  Edition),  71,  73. 

•  Merivale  Colonisi^ion  and  Colonies  (1861),  25  27.  r^^^^l^ 
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was  impossible,  and  there  were  insuperable  obstacles  to  the  planting  of  well- 
ordered  and  prosperous  communities ;  out  very  different  results  were  achieved  in 
Mexico.  These  workings  occurred  on  a  plateau  where  cultivation  and  settlement 
were  possible,  and  the  wealth  which  was  obtained  by  mining  reacted  on  the 
prosperity  both  of  agriculture  and  manufactures.  Extractive  industry  served  to  mye 
a  stimulus  to  that  varied  life,  partly  urban  and  partly  rural,  which  is  necessary  ror  a 
community  that  hopes  to  take  a  real  and  independent  place  in  the  civilised 
activities  of  the  world.  It  is  foolish  to  jump  to  the  conclusion  either  that  mining 
gives  a  feverish  and  unhealthy  stimulus,  or  that  the  Spanish  system  of  regulation 
was  incurably  bad ;  we  ought  to  distinguish  carefully,  and  to  try  to  learn  from 
Spanish  experience,  both  in  South  and  in  Central  America,  what  are  the  conditions 
under  which  mining  for  the  precious  met-als  can  be  pursued  so  as  to  be  not  merely 
of  temporary,  but  of  permanent  advantage  to  the  welfare  of  the  community. 

In  fact,  we  must  remember  that  the  experience  on  which  we  rely  in  regard  to 
economic  growth  has  been  obtained,  not  b^  experiment  in  a  laboratory,  out  by 
observation  in  the  world  itself.  The  investigator  in  a  laboratory  can  note  all  the 
conditions  under  which  an  experiment  is  conducted ;  he  can  be  certain  that  under 
the  same  conditions  the  same  result  can  be  secured  over  and  over  again.  But  in 
the  world  of  political  and  economic  activities  we  never  find  the  same  conditions 
repeating  themselves ;  the  fundamental  inquiry  must  always  be.  How  far  were  the 
conditions  of  some  growing  community  in  the  past  similar  to  those  of  some  growing 
community  to-day  P  How  far  are  they  on  all  fours,  so  that  we  can  argue  from 
one  to  another  directly?  Sometimes  we  may  get  a  very  close  analogy,  and 
instructive  comparisons  may  be  possible :  but  even  when  the  conditions  are  very 
different,  when  there  is  hardly  any  close  parallel,  we  may  still  get  a  suggestion  as 
to  a  mode  of  development  that  might  prove  fruitful  or  as  to  a  danger  which  it  may 
be  well  to  bear  in  mind. 

There  is  pleasure  in  completing,  so  far  as  the  limits  of  time  and  energy  allow, 
an  empirical  economic  investigation ;  but  to  those  who  have  any  vigour  of  mind 
at  all  there  is  a  keener  delight  in  seeing  new  fields  of  possible  inquiry  opened  up. 
It  is  very  enjoyable  to  renew  acquaintance  with  nn  old  difficulty  in  a  fresn  form,  or 
to  find  that  some  question  which  seemed  to  be  settled  is  forcing  itself  clamo- 
rously on  our  attention  for  reconsideration ;  and  hence  we  have,  as  economists,  set 
out  for  our  too  hurried  visit  here  with  eager  anticipation.  The  conditions  of  South 
Africa  seem  to  be  very  different  from  those  of  any  other  part  of  the  world,  and 
therefore  every  particular  economic  problem  presents  itself  in  an  unfamiliar  aspect. 
There  has  not  been  such  a  clear  field  for  the  working  out  of  new  ideas  as  was 
presented  in  the  great  West,  or  even  in  Australasia;  and  all  questions  as  to 
the  opening  up  of  Uie  country  and  the  economic  aims  and  aspirations  of  the  settler 
are  necessarily  more  complex.  There  may  not  be  the  sharply  defined  con fiict  between 
the  old  and  the  new  which  renders  British  India  such  a  fascinating  field  for  study, 
but  the  African  problems  are  not  simplified  on  that  account.  It  is,  rather,  true  to 
say  that  there  is  additional  complication  with  regard  to  all  industrial  activity  in  a 
land  where  the  natives  have  not  been  schooled  to  r^^lar  habits  of  work  by  the 
discipline  of  a  high  traditional  civilisation.  As  passing  tourists  we  can  obviously 
make  little  progress  in  understanding  how  these  practical  difficulties  are  to  be 
solved,  but  at  least  we  hops  to  learn  to  know  better  how  the  questions  ought  to 
be  stated.  We  shall  have  our  reward  if  we  carry  back  with  us  as  a  cherished 
possession  a  not  wholly  unintelligent  interest  in  the  great  economic  problems 
which  must  be  worked  out  in  South  Africa. 


The  following  Paper  and  Report  were  read : — 

1.  The  Terms  and  Conditions  of  DoT(aestic  Sen'ice  in  England  and  in 
South  Africa,     By  Lady  Knightlky  op  Fawslry. 

The  great  importance  of  domestic  service  in  facilitating  the  work  of  the  world 
is  not  sufficiently  recognised.  There  are  mutual  obligations,  as,  on  tbe  one  hand,  we 
QWe  mupb  to  ovpr  servants,  and,  on  the  other,  good  mistresses  make  good  servants. 
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There  is  in  all  parts  of  the  world  an  increasing  distaste  to  domestic  service ;  but 
there  are  still  many  instances  of  long-continued  service  in  the  same  household. 
Domestic  service  in  £Dgland  may  be  divided  according  to  live  distinct  types  of 
establishment,  (a)  Very  large  establishments^  with  steward*s  room,  {b)  Xarge 
country  houses,  with  twelve  servants  or  more,  (c)  Households  with  four  to  eight. 
{d)  Houses  with  two  or  three,  (e)  Households  with  one  general  servant.  The 
general  servants  are  valuable  in  many  ways,  and,  especially,  are  more  adaptable 
than  servants  in  establishments  which  are  elaborately  organised. 

The  conditions  of  domestic  service  appear  to  ?ary  greatly  in  different  parts  of 
South  Africa.  Wages  in  the  Transvaal  are  much  higher  than  in  Cape  Coioriy  or 
Natal.  In  the  Transvaal,  where  some  of  the  work  is  generally  done  by  native 
'  boys/  emigrants  from  England  are  inclined  to  expect  an  unreasonable  amount 
of  help,  and  have  much  to  learn  as  to  the  proper  treatment  of  the  native.  This 
difficulty  does  not  arise  to  the  same  extent  in  Cape  Colony,  but  complications  are 
sometimes  due  to  the  working  of  the  Master  and  Servants  Act,  to  which  servants 
f>igning  contracts  become  liable.  It  would  probably  be  advisable  that  immigrant 
domestic  servants  should  be  bound  to  remain  for  two  years  in  the  Colony,  bi)t 
that  these  should  not  necessarily  be  spent  in  the  same  situation. 

South  Africa  presents  excellent  openings  for  healthy,  sensible,  and  adaptable 
oung  women,  and  movements  for  introducing  them  are  likely  to  forge  further 
uks  in  the  chain  which  binds  the  Colonies  to  the  Mother  Country. 


£ 


2.  Report  on  the  Accuracy  and  Comparability  of  British  and  Foreign 
Statistics  of  International  Trade,— Bee  Reports,  p.  187. 


THUnSDA  r,  A  UOUST  17. 
The  following  Papars  wera  read  :— 
1,  Tlie  Public  Bei^emie  of  South  Africa,     By  H.  E.  S.  Frbmantle. 

There  are  various  special  difficulties  in  the  way  of  estimating  the  revenue  of 
South  Africa  and  tracing  its  growth  and  relation  to  the  population.  The  language 
difficulty  is  considerable,  as  some  of  the  old  papers  are  written  in  Dutch  of  a  style 
very  difl'erent  from  that  of  to-day.  In  the  old  account**  manv  items  not  properly 
belonging  to  the  accounts  of  South  Africa  are  included.  The  same  is  to  some 
extent  true  of  the  accounts  of  the  South  African  Republic.  The  history  of 
taxation  is  not  easily  traced.  The  scope  of  Government  operations  has  greatly 
increased.  On  the  other  hand,  after  a  centralising  period  there  has  been  much 
decentralisation.  Moreover,  the  accounts  are  questionable,  as  is  shown  by  the 
large  discrepancies  between  the  Auditor-General's  and  the  Treasurei^s  figures, 
especially  in  past  years.  No  set  principles  are  even  now  rigidly  established. 
Other  difficulties  are  those  connected  with  Imperial  expenditure,  the  difference  of 
financial  years,  the  question  regarding  the  proper  method  of  estimating  the  coloured 
population  both  before  and  after  the  annexation  of  native  territories,  and  the  old 
currency.  Much  is  gained  by  an  effort  to  adopt  a  uniform  principle  in  dealing 
with  each  of  these  questions. 

The  ideal  investigation  into  the  movement  of  the  revenue  is  not  possible  until 
the  statistics,  especially  those  of  the  past,  are  satisfiictorily  revised  and  presented. 
In  this  paper  an  attempt  was  made  to  present  figures  showing  the  population, 
the  gross  revenue,  and  the  debt  from  1687  to  1003,  and  to  characterise  the  chief 
financial  tendencies. 

The  main  facts  with  regard  to  population  are  the  laige  natural  increase  of  both 
white  and  coloured  races ;  immigration  of  Europeans  before  the  dose  of  the  first 
decade  and  in  the  last  quarter  of  the  eighteenth  century,  i^t  the  end  of  the  second 
decade  of  tl^e  nin^teentH  century,  and  after  the  discovery  of  tl^e  n^ines  \  and  the 
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introdnctaoD  of  slaves,  especially  in  ihe  early  years  of  the  British  oecapation,  and 
the  immigration  of  the  Bantu. 

The  revenue  has  partly  heen  determined  hy  the  extravagance  of  early  Governors. 
In  Cape  Colony  there  were  three  periods  of  direct  taxation,  followed  by  an  incli- 
nation to  sabstitute  indirect  taxation  in  1842.  Since  then  there  have  been  two 
periods  of  direct  taxation.  Elsewhere  the  tradition  of  the  old  Colony  has  been 
strong,  but  the  same  tendency  has  shown  itself. 

The  growth  of  the  debt  has  been  rapid  since  1863,  and  though  it  is  far  less  per 
head  than  the  New  Zealand  debt,  it  is  tar  greater  than  the  English  debt,  which 
is,  on  the  one  hand,  less  due  to  reproductive  works,  but,  on  the  other,  is  held  in  the 
country. 

The  figures  show  that,  despite  the  changes  of  taxation,  the  relation  of  the 
revenue  to  the  population  has  been  remarkably  steady.  Since  the  beginning  of  the 
borrowing  period  taxation  has  increased  in  severity,  but  the  expansion  of  the 
revenue  has  not  been  much  more  than  is  accounted  for  by  the  debt,  and,  consider- 
ing the  progress  that  has  been  made  among  the  natives,  is  disappointing.  The 
finance  of  South  Africa  has  been  to  some  extent  casual.  The  ngures  and  the 
actual  circumstances  which  they  represent  suggest  the  desirability  of  a  definite 
policy  deliberately  calculated  to  foster  the  internal  resources  of  the  country. 


2.  The  Railways  of  South  Africa.    By  J.  W.  Jaqger,  M.L,A. 

The  facts  that  South  Africa  has  no  navigable  rivers,  and  is  therefore  solely 
dependent  upon  its  railways  for  its  traffic  from  the  ports  to  the  inland  plateau, 
and  that  they  are  for  the  mast  part  State-owned,  make  them  an  important  factor 
in  the  economics  of  this  sub-continent. 

Until  1870,  when  the  diamond  fields  were  discovered,  there  were  only  65 J  miles 
of  rsllway  in  South  Africa  ;  but  in  1884  Eimberley  was  connected  with  all  the 
ports  of  the  Cape  Colony.  The  financial  results  were,  however,  very  unsatis. 
factory  until  the  year  1887,  when  the  Transvaal  gold  fields  were  opened  up. 
Then  commenced  a  period  of  great  prosperity,  which  lasted  till  1902.  The  two 
years  following  showed  a  falling-ofr  in  traffic,  decrease  in  rates,  and  increase  in 
expenditure,  with  the  result  that  interest  on  the  capital  invested  was  only  partly 
earned.  Through  the  exercise  of  rigid  economy,  however,  the  railways  have  in 
the  last  twelve  months  again  paid  full  interest. 

Natal  has  been  greatly  assisted  by  her  coalfields,  but  otherwise  the  financial 
history  of  her  railwavs  is  very  similar  to  that  of  the  Cape  Colony. 

The  Transvaal  railways  started  in  1891  witli  the  Rand  trana,  wluch  has  since 
been  connected  with  all  South  African  ports.  They  are  worked  jointly  with  those 
of  the  Orange  River  Colony,  and  show  excellent  financial  results  on  account  of  the 
great  volume  of  traffic  and  the  high  rates. 

There  are  several  important  railwav  problems  in  South  Africa,  such  as  the 

Question  of  rates ;  and  the  difficulty  that  the  commercial  interests  of  the  ports 
0  not  always  agree  with  the  financial  interests  of  the  different  railway  systems. 
On  this  account,  and  because  a  joint  railway  board  would  be  independent  of 
Parliamentary  control,  the  federation  of  the  South  African  railways  should 
await  the  general  federation  of  all  the  South  African  States. 


3.  TJie  Protection  of  Infant  Industries.    By  H.  O.  Meredith. 
This  paper  dealt  with  two  questions : — 

1.  Whether  it  is  desirable  to  grant  protection  to  young  industries. 

2.  What  form,  if  any,  should  such  protection  take. 

l)ifficulties  ii|  reaching  a  conclusion  as  to  the  effects  of  tha  protection  of  infant 
il^dustries  (a)  by  the  historical,  and  (6)  by  the  theoretical,  approach  were  de^lt  ^ith. 

Digitized  by    _     _     _        _  _ 


TRANSACnOlJS  OP  SECTION  F.  475 

Tlie  priDcipal  arguments  for  and  against  such  protection  were  advanced,  and 
then  the  first  question  was  left  suijudice. 

In  dealing  with  the  second  question  the  relative  advantages  of '  bounties '  and 
protective  duties  were  considered,  and  a  decision  reached  in  favour  of  the  former. 
The  practical  difficulty  of  using  bounties  was  however  admitted,  and  this  diffi- 
culty was  found  to  consist  principally  in  the  lack  of  a  general  understanding  of 
economics.  This  led  to  a  further  discussion  of  the  difficulties  in  the  path  of 
scientific  protection.  It  was  shown  that  ignorance  has  led  protectionist  nations 
on  to  wrong  lines,  and  has  produced  unduly  complicated  tarifis,  whose  results 
cannot  possibly  be  gauged  with  exactitude,  but  are  probably,  in  the  main,  evil. 
It  was  suggested  that  if  protection  be  practised,  more  simple  methods  should  be 
employed — that  the  attempt  to  protect  everything  at  once  should  be  abandoned  in 
favour  of  a  concentration  upon  one  induafry  at  a  time. 


4.  Eurcd  Industries,     By  G.  PLETcnER. 


FRIDAY,  AUGUST  \%, 
The  following  Papers  were  read  : — 

1.  The  Development  o/tlie  Wool  Industry,    By  T.  H.  Moore. 

Whilst  all  sheep  are  descended  from  the  six  preserved  by  Noah  from  the  Flood, 
climatic  and  other  influences  have  brought  about  great  variations  throughout  the 
world  both  in  carcase  and  covering.  Probably  quite  60  per  cent,  of  to-day's  wool 
supply  is  obtained  from  the  merino,  from  the  heavy  English  sheep,  and  from  crosses 
between  the  two. 

Spain  was  originally  the  home  of  the  merino,  but  Saxony,  Silesia,  and  France 
(Rambouillet)  all  effected  great  improvements  in  the  breed,  and  the  magnificent 
flocks  of  Australia  are  chiefly  descended  from  the  German  improved  stock.  The 
merino  was  first  imported  into  tlie  Cape  by  Mr.  Michael  Breda,  of  Swellendam,  in 
1787,  and  ten  years  later  Captain  McArthur  obtained  from  the  Cape  the  first 
merinos  seen  in  Australia  The  South  American  fiocks  are  descended  from  sheep 
originally  introduced  by  the  early  Spanish  settlers. 

The  world's  supply  of  wool  in  1904  is  estimated  by  Messrs.  IT.  Schwartze  &  Co. 
at  2,129,000,000  lbs.,  contributed  as  follows  :— 

United  Kingdom 620  per  cent. 

Continent  of  Europe 2114 

North  America 14*33 

Australasia      .......  24*11 

South  Africa .3-35 

South  America 22-23 

Other  sources 8-64 


300*00 


The  home  supply  of  the  Unifed  Kingdom  is  decreasing,  that  of  the  Continent 
of  Europe  remains  stationary.  North  American  does  not  increase.  The  South 
American  meat  trade  may  develop  the  crossbred  article  still  further,  but  merinos 
there  must  be  near  the  maximum  ;  Australia,  now  the  prolonged  drought  is  com- 
pletely broken  up,  will  probably  increase  its  production  50  per  cent.  South  Africa 
18  eminently  adapted  for  large  increases  of  merinos,  and  no  fear  of  over-production 
need  be  entertained.  There  never  was,  and  never  can  be,  too  much  wool  grown. 
The  consumption  of  clean  wool  in  Europe  and  North  America  last  year  was  2^  lbs. 
per  head  of  population.  Half  a  pound  increase  would  represent  one  million  bales 
of  Cape  wool.  Farmers  should  hesitate  before  attempting  cross-breeding,  but  by 
judicious  selection  much  may  be  done  to  improve  the  merino  where  acclimatised^ 
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Compare  the  beautiful  wool  of  Australia  with  the  Spanish  wool  of  to-day.  and  it 
18  difficult  to  beUeve  that  a  hundred  years  ago  they  were  common  stock.  Crossing 
with  the  heavy  English  sheep  may  be  satisfactory  in  temperate  climes,  within  easy 
access  of  seaports,  so  as  to  cater  for  the  fro^n-meat  trade,  but  for  up-country  South 
Africa  the  merino  is  best. 

The  longer  the  merino  staple  the  more  valuable  it  is ;  therefore  the  system 
sometimes  practised  in  South  Africa  of  shei^ring  twice  a  year  is  unwise  and 
improvident, 

Suppose  a  man  had  a  flock  of  one  hundred  sheep,  and  he  sheared  half  the  number 
e^h  SIX  months,  the  other  half  at  the  end  of  twelve  months,  the  account  would 
stand  son^ething  lil^e  this : — 


8t;p  Months'  Wool. 
ftOOlbs.  ($7^.         .        .    £14     11     8 
hesB  cost  of  twice  shearing      2      0    0 


Twelve  Months*  Wool, 
5001b8.  @8§^.       .         .    £17     14     2 
Less  cost  of  shearing      .         10    0 


£12     11     8  £16     U    2 


Difference  in  favour  of  twelve  months    .£426 

Machine-shearing  is  preferable  to  hand-«hearing.  Washing  sheep  before  shear- 
ing is  waste  labour.  Scouring  the  wool  after  shearing  is,  as  a  rule,  undesirable, 
but  in  some  instances  is  policy  in  South  Africa.  Too  much  stress  cannot  be  laid 
upon  classing  and  careful  sorting.  Olots  of  dung  rolled  up  in  the  fleeces  mean  that 
the  grower  pays  all  coat  of  sending  dirt  to  Europe  and  of  picking  it  out  when  it  geta 
there.  The  market  of  the  world  is  London,  and,  notwithstanding  the  extent  to 
which  Australasian  growers  realise  at  home,  values  are  fixed  by  London  sal^,  and 
there  a  grower  is  certain  of  most  competition,  as  buyers  from  all  the  manu- 
facturing districts  of  the  world  (except  Japan)  i^re  in  daily  attendance  during  the 
wool  sales. 

2.  Changes  in  tJie  Sources  of  the  World* s  Wheat  Supply/  since  1880. 
By  A.  L.  BowLEY. 

Statistics  were  given  showing  the  production,  importation,  and  exportation  or 
wheat  of  the  principl  countries  from  1880  to  11K)3.  The  great  increase  in  this 
period  and  tlie  considerable  changes  in  sources  were  discussed,  and  the  variability 
of  the  harvests  of  the  separate  countries  was  contrasted  with  the  stability  of  the 
world's  harvest.  The  lessening  proportion  of  those  engaged  in  agriculture  to  the 
population  as  a  whole  was  shown  by  statistics,  and  certain  conclusions  as  to  the 
increasing  economy  of  wheat  production  were  drawn. 


3.  The  Importation  from  Abroad  of  Foodstuffs  producible  vn  Cape 
Colony.     By  E.  Nobbs. 

The  solution  of  the  problem  of  importation  from  abroad  of  foodstujO^  pro- 
ducible in  the  Colony  can  only  be  sett  lea  by  cheapening  the  modes  of  production 
and  distribution,  so  as  to  enable  locally  grown  articles  to  compete  successfully 
Qgainst  the  imported  article.  At  present  hundreds  of  thousands  of  pounds  worth 
of  articles  are  being  annually  imported  which  could  be  readily  produced  here,  and 
this  is  a  very  diflerent  matter  from  importing  commodities  which  we  cannot 
produce. 

The  idea  of  this  paper  is  not  to  analyse  the  (}uestion  fully,  but  merely  to 
render  more  easily  available  facts  and  figures  which  are  at  present  buried  in 
Statistical  returns.  Owing  to  the  lack  of  agricultural  statistics  of  the  products  of 
the  Colony,  it  is  not  possible  to  determine  how  far  the  articles  herein  mentioned 
pan  be  replaced  by  colonial  production. 

The  Colony,  owing  to  war,  pestilence,  and  drought,  is  not  in  a  stable  condition, 
b|it  things  are  improving  more  rapidly  than  is  generally  thought.  The  imports  of 
igncnltural  produce  were  considerably  less  in  1904  than  in  1003 ;  while  those  of 

- .,         .    -    -      f^ 
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Certain  commodities  rose  from  1902  to  1903,  others  fell  off.    The  articles  m&y 
iherefore  be  classified  under  three  heads  :— 

1.  Those  the  importation  of  which  rose  from  1902  to  1903  and  fell  again  in 
1904. 

2.  Those  the  importation  of  which  fell  from  1902  to  1903  and  continued  to 
fall  in  1904. 

3.  Those  the  importation  of  which  is  steadily  iucreasing  in  volume. 

The  increase  of  imports  in  1903  over  1902  was  probably  due  to  the  fact  that 
the  natural  resources  of  the  Colony  had  become  more  depleted  and  a  larger  popU' 
lation  had  to  be  fed.  Imports  for  1903  were,  therefore,  greater  than  actually 
needed  for  that  year,  and  those  for  1904  were  accordingly  less ;  but  the  difference 
in  the  imports  l)etween  the  two  years  is  hardly  to  be  accounted  for  by  this  reason, 
and  is  doubtless  due  to  a  renewed  and  even  increased  activity  in  farming  - 
industries. 

Taking  the  items  in  Class  1  mentioned  above,  wheat  and  flour  (taken  in  terms 
of  wheat)  show  an  increase  in  1903  over  1902  and  a  fall  in  1904,  but  the  figures 
in  1904  considerably  exceed  those  for  1902.  This  is  due  in  a  great  measure  to  the 
fact  that '  rust '  has  not  as  yet  been  overcome,  and  the  probability  is  that  the 
acreage  under  wheat  will  considerably  increase  when  it  becomes  a  safer  crop  to 
sow,  and  there  is  a  large  portion  of  the  Colony  in  which  wheat  can  be  profitably 
grown. 

Mealies  follow  the  same  curve  as  wheat,  but  the  imports  in  1904  are  con- 
siderably less  than  in  1902.  The  cultivation  of  this  crop  presents  no  difiiculties, 
and  with  increased  transport  facilities  in  the  Transkei,  where  it  is  chiefiy  grown, 
importation  may  be  expected  to  diminish  until  it  finally  ceases  altogether. 

Mealie  meal  has  a  similar  trend,  but  does  not  fall  below  the  1902  level ;  it 
may,  however,  be  expected  to  follow  the  same  course  as  the  unground  article, 
though  at  a  slower  rate,  owing  to  the  industrial  conditions  of  the  country. 

Barley  fluctuates  considerably.  The  crop  is  notoriously  a  variable  one,  and 
the  class  of  irregularity  is  one  that  disorganises  the  business  of  merchant  and 
farmer  alike.  Kegular  publication  of  figures  showing  the  actual  and  prospective 
yields  of  harvests  would  go  a  long  way  towarJs  regulating  the  supply  and 
demand.  In  view  of  the  use  of  barley  as  food  for  horses  and  ostriches,  and  for 
malting  purposes,  a  larger  outlet  may  be  expected  for  the  better  qualities  of  the 
grain. 

The  importation  of  rye  fell  below  the  1902  level  in  1904.  Normally  a  certain 
quantity  is  exported  every  year,  but  this  ceas%d  in  1904.  Even  the  immigration 
of  aliens  accustomed  to  eat  rye  bread  hardly  accounts  for  the  rise  in  1903,  and,  in 
view  of  the  rapid  decline  in  1904,  scarcely  offers  sufHcient  explanation.  Presum- 
ably the  imported  grain  was  used  for  fodder,  and  with  oat  hay  at  famine  prices  in 
1903  the  rye  grown  was  probably  kept  where  grown  for  feeding  purposes. 

The  import  of  beans  and  peas  in  1904  was  considerably  higher  than  in  1902. 
Both  these  crops  can  be  grown  to  perfection  in  the  Colony,  and  in  addition 
enrich  the  soil  instead  of  exhausting  it,  as  is  the  case  with  continuous  cereal 
growing,  so  that  this  state  of  afiairs  is  the  more  regrettable.  As  with  barley,  we 
exported  beans  in  1900  at  20«.  per  bag  (200  lbs.) ;  now  the  price  is  30«.  per  bag, 
and  we  are  importing  23,000/.  worth  per  annum.  The  ravages  of  the  weevil  have 
seriously  militated  against  the  cultivation  of  these  crops,  but  this  pest  has  been 
successfully  combated  in  other  countries,  and  why  not  here  ^ 

The  larger  importation  of  grain  in  1903,  as  compared  with  the  year  before  and 
the  year  after,  may  be  attributed  to  the  exhaustion  of  supplies  owing  to  the  war, 
cessation  of  a^cultural  pursuits,  the  presence  of  armies  in  the  field,  and  the  influx 
of  non-producing  immigrants. 

In  Class  2  it  is  to  be  noted,  however,  that  commodities  normaUy  produced  in 
the  Colony  are  being  imported  to  a  less  degree  than  formerly,  and  the  importation 
may  perhaps  ultimately  cease  altogether.  The  importation  of  fodder  was  less 
in  1904  than  in  1903,  with  the  remarkable  exception  of  chafi".    Importation  of 
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foodstuffs  for  stock-feeding  decreased  to  about  one-half  tbe  tolumei  to  which 
reduction  the  lower  price  of  oat  hay  this  season  probably  contributed,  togeUier 
with  the  increasing  production  of  lucerne  and  manufacture  of  compieaaed  fodder. 

The  local  production  of  bran  depends  not  only  on  the  wheat  grown  and  ground 
in  the  Oolony,  but  also  upon  the  quantity  of  wheat  imported  for  grinding.  The 
falling  off  of  the  imports  of  this  article  maybe  put  down  to  the  leaser  quantity 
required  owing  to  the  cessation  of  the  war. 

The  imports  of  fodder  would  have  probably  been  still  less  had  it  not  been  for 
the  quantities  exported  to  German  South- West  Africa.  It  is  to  be  anticipated, 
therefore,  that  the  importation  will  still  further  speedily  diminish  if  favoured  with 
good  seasons.  ^  . 

Onions  and  potatoes  were  considerably  used  by  the  military,  hence  the  large 
importations ;  but  although  the  value  of  imports  has  fallen,  the  farmers  complain 
of  the  difficulty  of  selling  and  of  the  prices  obtained,  although  these  supplies  can 
evidently  still  be  imported  from  abroad  at  a  profit.  The  difficulties  of  storage 
account  in  a  way  for  this,  but  are  not  insuperable. 

Cheese  fluctuates  less,  and  the  increased  imports  cannot  be  ascribed  to 
increased  production,  though  with  co-operative  effort  the  matter  should  remedy 
itself,  as  cheese-making  pays  better,  gallon  for  gallon  of  milk,  than  butteivmakmg. 

The  sudden  decrease  of  the  imports  of  beef  must  be  set  down  to  an  increased 
use  of  the  colonial  article. 

Lard  must  continue  to  be  imported  from  America  and  Australia  so  long  as  the 
importation  of  pork  increases  and  pigs  are  regarded  as  being  chieflv  valuable  as 
labourers^  rations.  The  decrease  in  imports  may  be  attributed  to  the  increase  of 
slaughter  stock  and  of  butter,  having  been  previously  used  for  want  of  other  forms 
of  fat. 

Butter  importation  is  steadily  diminishing,  though  still  imported  in  enormous 
quantities,  thus  showing  the  wide  field  for  the  industry  in  this  Colony. 

Margarine  and  other  butter  substitutes,  despite  the  bad  times,  show  a  remark- 
able falUng-off,  due  to  a  diminished  consumption,  as  these  products  are  not  known 
to  be  manufactured  in  the  Colony. 

The  importation  of  preserved  milk  is  also  on  the  downward  ^rrade.  It  is  still 
very  great,  but  as  facilities  increase  and  the  organisation  of  the  milk  trade  becomes 
more  efficient  the  use  of  fresh  milk  will  be  made  easier  and  more  generaL  Co- 
operation mav  be  expected  to  exert  a  powerful  influence  in  this  direction. 

Fresh  and  dried  fruit  show  a  decrease,  due  wholly  to  increased  local  produc« 
tion,  as  our  exports  of  these  articles  are  also  increasing  in  a  satisfactory  manner. 
A  feature  in  the  case  of  dried  fruit  is  the  considerable  fall  in  value  with  but  little 
diminution  in  the  weight.  The  Coton^^  is  at  present  notoriously  overstocked  with 
jams,  and  there  is  a  steady  decline  in  imports,  which  may  be  expected  to  continue 
until  supply  and  demand  once  more  equalise. 

Honey  follows  in  sympathy  with  jams,  and  though  the  imports  are  trifling, 
there  should  be  no  necessity  to  import  an  article  which  might  easily  be  entire^ 
produced  in  the  Colonv,  and  even  exported. 

Salt  also  shows  a  Mliug-off,  though  it  is  uncertain  whether  this  is  due  to  the 
general  trade  depression  or  to  development  of  local  resources. 

In  Class  3  there  are  five  commodities  the  importation  of  which  is  steadily 
increasing  in  volume. 

Chafl'is  imported  in  increasing  quantities,  though  every  year  thousands  of  tons 
of  straw  are  left  to  waste  in  heaps  or  are  actually  burnt.  The  increasing  im- 
portation of  eggs  is  a  more  serious  matter,  due  chiefly  to  the  haphazard  methods 
of  collection,  the  want  of  organisation,  ignorance  of  the  first  principles  of  poultry 
management,  and  of  the  art  of  packing  and  marketing. 

Dead  poultry  is  another  of  the  items  the  importations  of  which  are  rising,  the 
fact  being  due  to  the  difficulty  experienced  by  farmers  in  finding  markets  and  of 
dealers  obtaining  ample  and  steady  supplies.  The  sudden  and  largely  increased 
importation  of  pork  may  be  due  to  the  diminished  price  and  to  the  outbreaks  of 
swine  fever  in  the  pig-breeding  districts.  A.n  improvement  may  be  expected  hand 
in  hand  with  the  development  of  the  dairy  industry,  as  there  is  no  more  remunera- 
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tive  method  of  utilising  the  by-products  of  butter  and  cheese  making  than  pig* 
feeding. 

In  reviewing  the  foregoing  facts,  it  is  seen  that  Cape  Colony  has  passed  through 
a  trying  period  as  regards  its  power  of  supplying  its  own  wants,  out  that  condi- 
tioiis,  natural  and  industrial,  are  combining  to  bring  matters  to  their  normal  condi- 
tion. The  reduction  of  the  inflow  of  i'oodstuffs  producible  in  the  Colony  is  most 
satisfactory,  although  there  is  still  great  room  for  improvement,  and  we  may  look 
forward  to  the  time  when,  our  markets  having  been  won  back,  we  may  export  a 
surplus  of  many  of  the  articles  which  at  present  we  import. 


JOHANNESBURG. 
TUESDAY,  AUGUST  29. 
The  following  Papers  were  read: — 

1.  Th6  Progre89  of  Johannesburg.     By  StepubN  Court. 

Johannesburg  was  founded  on  September  20,  1886.  No  town  has  so  quickly 
reacned  the  population  which  Johannesburg  now  has— about  160,000.  The 
municipal  area  is,  roughly,  about  81}  square  miles,  including  all  land  within  Ave 
miles  radius  of  Market  Square.  The  rateable  (capital)  value  is  now  nearly  forty 
miUion  pounds.  The  white  birth-rate  during  the  year  ended  June  tK),  1905,  was 
35*3  per  1,000,  and  the  white  death-rate  15*1  per  1,000.  The  chief  causes  of  death 
were  diarrhoea  and  dysentery  (chiefly  infants)  and  pneumonia. 

The  Town  Council  before  tne  war  had  very  inadequate  powers.  The  present 
Town  Council  has  very  wide  powers.  The  franchise,  a  low  one,  is  contined  to 
British  subjects  and  includes  women. 

The  'bucket'  system  is  still  employed,  but  it  is  being  replaced  by  a  water- 
borne  sewerage  system. 

The  water  supply,  formerly  in  the  hands  of  a  company  under  a  concession 
granted  by  the  late  Government,  is  now  entrusted  to  a  board  for  the  whole  of  the 
Kand,  on  which  board  the  mines  and  local  authorities  are  equallv  represented. 

The  distribution  of  water  within  the  municipality  is  done  by  the  Town  Council. 
The  price  of  water  has  already  been  reduced  from  a  minimum  of  12«.  Qd.  for  the 
first  thousand  gallons  or  less  to  6«.  A  special  rate  is  proposed  for  extensions  to 
new  districts  within  tbe  municipality. 

The  gas  and  electric-light  undertakings  were  formerly  in  the  hands  of  a  com- 
pany, under  concessions  granted  by  the  late  Government,  but  were  acquired  by  the 
local  authority  in  1805.  A  comprehensive  scheme  for  the  supply  of  electric  light 
at  two-thirds  of  tbe  present  charge  is  now  being  carried  out  by  the  municipality. 

The  existing  tramways  only  cover  11 J  miles  of  route,  and  are  worked  by  horses. 
They  were  acquired  by  the  town  in  100:4  from  a  company  which  enjoyed  a  conces- 
sion granted  by  the  late  Government.  The  municipality  is  providing  electric 
tramways  on  a  comprehensive  scale.  The  present  minimum  fare  is  3</.,  and  this 
will  be  reduced  to  2d.  when  the  electric  system  is  in  operation.  Owners  of  some 
new  townships  in  which  a  great  portion  of  the  land  is  unsold  have  agreed  to  con- 
tribute to  the  cost  of  extensions  of  tramway  lines  to  these  townships.  A  special 
rat«  is  to  be  levied  to  meet  tbe  cost  of  extensions  to  other  suburbs  where  a  large 
number  of  the  plots  have  been  sold. 

The  railway  runs  through  the  town  from  east  to  west  only,  and  provides  prac- 
tically no  suburban  service. 

An  area,  close  to  the  centre  of  the  town,  of  about  J  73  acres,  most  of  which  was 
insanitary,  and  which  was  so  laid  out  as  to  con  tine  westward  traffic  to  one  street, 
has  been  expropriated  by  the  Town  Council.  The  area  is  being  drained  and  tbe 
land  re-laid  out  in  large  blocks.  Two  of  the  principal  thoroughfares  to  the  west 
will  be  carried  through  the  area.  r^  ^ 
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Two  parks  of  about  274  acres  and  200  acres  respectively  have  been  given  to 
the  town  within  the  last  three  years. 

The  market  is  owned  by  a  company  under  a  concession  granted  by  the  late 
Government.  The  Town  Council  contemplates  the  establishment  of  a  manicipal 
market. 

The  public  library  is  a  subscription  one,  the  reading  room  only  being  free,  and 
is  managed  by  a  committee  mostly  composed  of  subscribers,  but  on  which  the 
Town  Council  is  represented,  as  it  makes  an  annual  grant. 

The  only  poor-relief  duty  imposed  on  the  municipality  is  that  of  burying  dead 
paupers,  but  the  Town  Council  contributes  to  local  cnaritable  institutions. 

The  hospital  is  managed  by  a  board  nominated  by  the  Government,  which  con- 
tributes about  two-thirds  of  the  total  revenue.  Both  paying  and  non-paying 
patients  are  admitted. 

The  police  are  under  Government  control. 

Primary  education  is  provided  for  by  the  Government,  and  is  free,  but  not  com- 
pulsory. The  Government  also  maintains  fee-paying  secondary  schools,  and  a 
technical  institute,  to  the  funds  of  which  the  Government  contributes,  has  been 
established. 

2.  A  Search  far  General  Principles  concerning  tJt^e  Relation  between  Central 
and  Local  Government  Finance,    By  Edwin  Cannan,  M.A.^  LL.D. 

"Why  should  there  be  any  local  government  finance  P  Why  not  have  a  common 
purse  for  the  whole  country  ?  •  Historical  reasons  *  are  not  sufficient  explanation, 
still  less  sufficient  justification.  The  separation  of  local  finance  is  necessary,  in  the 
first  place,  to  secure  efficient  administration,  which  is  im})08sib1e  without  the  rivalry 
and  variety  which  result  from  the  existence  of  large  numbers  of  independent 
administrative  bodies.  Secondly,  it  is  necessary  in  order  to  secure  that  the  capital 
of  the  country  is  invested  in  the  best  way  and  the  population  settled  in  the  most 
suitable  places. 

Without  it  the  central  Government  would  practically  have  to  decide  every 
question  concerning  the  economic  development  of  the  country.  Under  present 
circumstances  no  Government  could  do  this  as  well  as  it  is  done  by  allowing 
localities  freedom  to  spend  or  not  to  spend  as  they  see  fit;  even  if  a  Government 
had  the  will  and  the  wisdom  necessary,  which  is  impossible,  it  would  be  prevented 
by  the  fact  that  the  economically  correct  course  would  oilen  be  flagrantly  unjust 
in  the  absence  of  local  taxation. 

Local  governments,  while  socialistic  as  regards  the  persons  within  their  areas, 
are  individualistic  as  regards  the  central  Government.  Mucli  of  their  expenditure 
is  of  the  same  nature  as  the  ordinarv  expenditure  of  an  individual,  wnile  some 
resembles  that  part  of  an  individual  s  expenditure  which  goes  in  taxation.  In 
regard  to  both  the  treatment  of  the  locality  should  be  the  same  as  that  of  the 
individual ;  t.6.,  the  part  resemblintr  normal  expenditure  should  be  left  entirely 
alone,  and,  in  regard  to  the  other  part,  the  State  should  endeavour  to  combine 
economy  and  the  accepted  ideas  of  equitable  taxation  as  well  as  possible.  To  attain 
this  end  subsidies  from  central  to  local  exchequers  will  sometimes  be  necessary. 
The  exact  basis  on  which  they  should  be  given  must  be  worked  out  in  each  case 
with  regard  to  the  particular  circumstances. 


3,  TJiA  Rise  and  tJte  Growth  of  tJie  Protection  of  Industriid  Property  in 
the  Transvaal,     By  JouN  A.  Bucknill,  M,A, 

The  value  of  those  rights  included  in  the  phrase  '  industrial  property '  has  in 
these  times  of  rapid  scientific  advance  and  keen  commercial  competition  increased 
with  quick  strides.  Any  civilised  community  of  modem  days  finds,  soon 
after  it  has  assumed  a  fairly  settled  existence,  that  its  members  desire  legal  or 
statutorv  assistance  for  the  determination  and  preservation  of  various  more  or  less 
personal  privileges  which,  by  the  test  of  time  and  practice,  have  bee^  found  in  other 
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politics  desirable,  and  laleed  necessary,  for  the  best  maintenance  and  progress  of 
national  welfare. 

In  a  yonng  State  the  first,  perhaps,  of  these  asnirations  may  be  found  in  the 
desire  of  the  merchant  to  distinguish  hia  own  goods  nom  those  of  others,  and  from 
this  wish  has,  in  older  countries,  after  many,  many  years,  arisen  statute  law  of  some- 
what simnle  character  safely  capable,  with  slight  modification,  of  being  adopted  by 
the  Legislature  of  a  new  country.  To  the  commercial  element,  then,  are  due  the 
rights  enjoyed  in  the  use  of  trade-marks,  possibly  the  most  important  branch,  from 
a  general  public  point  of  view,  of  those  privileges  which  are  referred  to  in  this 
paper.  Normally,  at  a  slightly  later  stage  of  development,  and  whenever  there  is 
any  marked  forward  movement  in  the  industrial  life  of  the  country,  individual 
invention  is  brought  into  prominence ;  whilst  for  the  exploitation  of  enterprises 
larger  or  more  hazardous  than  can  conveniently  or  safely  be  undertaken  by  any 
single  person,  mutual  co-operation  and  its  attendant  liabilities  invariably  demand 
the  attention  and  assistance  of  the  governing  authorities.  The  grant  of  patents 
encourages  and  protects  the  initiators  of  useful  novel  inventions,  whitet  the 
limitation  of  the  pecuniary  liability  of  those  engaged  in  joint  endeavours  to  found 
an  industry  or  discover  national  resources  allows  the  moro  cautious  citizen  to 
engage  a  definite  proportion  of  his  assets  in  a  promising,  although  speculative, 
adventure. 

At  a  still  later  stage  in  the  ordinary  course  of  the  life  of  a  new  country  is 
shown  the  last  branch  of  this  group  of  industrial  rights — artistic  and  literary  pro. 
ductions — ^not  always,  but  usually,  a  sign  of  the  presence  of  a  considerable  develop- 
ment in  national  thought,  and  certainly  of  advanced  erudition.  This  most  desirable 
fine  flower,  '  culture,'  is  protected  by  what  is  usually  termed  *  copyright.' 

The  Transvaal  presents  an  unusually  instructive  and  interesting  study  of  a 
civilised  communitv  of  very  recent  growth  which  has  by  its  enactments,  with  con- 
siderable skill  and  adroitness,  adapted  itself  to  meet  not  the  normal  statutory 
development  of  a  State  beset  by  unexpected  circumstances,  but  conditions  which 
were  presented  to  it  hastily,  almost  without  its  own  knowledge,  and  entirely  beyond 
its  own  control. 

As  the  South  African  Republic  the  Transvaal  had  really  been  in  existence  as 
an  independent  State  for  only  about  twelve  years  prior  to  the  British  annexation 
in  1877 ;  at  that  date  it  was  undoubtedly  in  a  temporarily  moribund  condition ;  but 
as  early  as  1874  its  Legislature  had  been  capable  of  passing  two  laws  relating  to 
companies  which,  whilst  they  may  not  stand  criticism  of  the  knowledge  of  tho 
world  obtained  after  thirty  years'  ex[)erience,  were  of  a  useful  and  most  important 
nature,  and,  it  may  be  added,  are  still  on  the  Statute-book  of  the  Colony.  Law 
No.  5  of  1874  limited  personal  liability  for  locally  formed  companies  under  con- 
ditions perhaps  more  salutary  even  than  those  at  present  in  force  in  England; 
whilst  Law  No.  6  of  the  same  year  welcomed  the  presence  of  and  offered  some,  though 
somewhat  vague,  protection  to  associations  initiated  outside  the  country  but 
intending  to  operate  locally.  That  the  earliest  modern  discoveries  of  gold  in  the 
Transvaal  were  responsible  for  the  passage  of  these  laws  there  is  no  doubt,  and  the 
causes  which  led  up  to  these  and  similar  enactments  form  in  themselves  an 
interesting  study.  The  law  relating  to  the  advantage  offered  to  co-operative  enter- 
prise does  not  really  fall  within  the  purview  of  the  rights  covered  by  the  phrase 
'protection  of  industrial  property,'  but  the  excuse  for  its  introduction  into  thii 
paper  is  that  the  various  enactments,  amplified  as  they  have  been  at  various  times, 
are  administered  in  this  Colony  by  the  same  sub-department  whicb  deals  with 
patents  and  trade-marks. 

The  proof  of  the  value  of  auriferous  deposits  in  the  country,  the  rush  to 
Barberton  in  188G,  and  the  discovery  of  the  Hand  in  1887,  we're  directly  re- 
sponsible for  the  almost  immediate  passage  of  the  first  Patent  Law  in  1887,  and, 
curiously  enough,  in  the  same  year  was  passed  the  first  copyright  enactment. 
The  attitude  of  the  Volksraad  at  the  introduction  of  the  Patent  Law,  the  pro- 
visions of  which  were,  undoubtedly,  altogether  strange  to  the  majority  of  the 
members  of  the  Assemoly,  was  of  an  enlightened  character,  and  it  is  a  matter  of 
regret  that  in  the  later  Acts  of  1897  and  1898  the  idea  of  increased  taxation  upon 
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the  goldfields — the  chief  source  of  revenue  and  almost  the  only  fountain  of  iuTen- 
tion  and  material  progress — should  have  harassed  the  inventor  and  enished 
inffenuity  by  the  imposition  of  enormous  renewal  fees  and  a  legal  procedaie  alike  of 
a  detrimental  and  deterrent  character  to  the  individual  discoyerer  of  a  new  art  or 
process.  That  a  Patent  Law  was  required  there  is  no  doubt,  and  advantage  of 
its  terms  were  largely  taken  by  the  public ;  but  an  Ordinance  relating  to  oop^igfat 
was  at  that  time  premature,  and,  indeed,  even  at  the  present  time  its  provisions 
are  verv  seldom  brought  into  operation.  Far  more  interesting,  however,  to 
the  student  is  the  presence  before,  with,  and  after  the  passage  of  theee  PMent 
Laws  of  pergonal  rLznts  locally  known  as  '  concessions,'  but  which  were  in  iaet 
grants,  somewhat  of  the  character  of  those  swept  away  in  1624  in  England  by  the 
Statute  of  Monopolies  (21  Jac.  I.,  cap.  3).  Issued  mainly  under  the  pretext  of 
assisting  local  enterprise  and  encoursging  local  industry,  and  not — as  were  the 
monopolies  granted  by  the  English  kings— openly  given  in  exchange  for  personal 
pecuniary  benefit  and  as  a  royal  prerogative,  &ese  concessions  were»  it  is  now 
admitted,  mainly  obtainable  by  a  judicious  approach  to  those  who  had  the  power 
to  give  legal  effect  to  these  grants.  Although  not  all  exclusive  monopolies,  this 
vicious  form  of  protection  embraced  such  important  subjects  as  liquor,  explonves, 
railways,  iron,  sugar,  wool,  bricks,  earthenware,  paper,  candles,  soap,  calctum 
carbide,  oil,  matches,  jam,  cocoa,  and  bottles.  It  cannot  be  said  for  one  moment 
that  these  concessions  did  not  interfere  with  the  more  legitimate  patents  for 
inventions;  it  was  a  practical  impossibility  for  many  years  for  any  person  to 
obtain  a  patent  for  explosives  in  the  country  owing  to  the  explosives  monopoly, 
and  indeed,  on  at  least  one  occasion,  a  proposed  concession  and  an  issued  patent 
practically  came  into  direct  conflict. 

Last,  where  in  theory  it  should  be  first,  appears  in  1892  the  Trade-Mark  Law, 
a  measure  due,  doubtless,  directly  to  the  growth  of  population  and  the  expanding 
condition  of  what  were  but  a  few  years  before  mere  mining  camps,  and  indirectly 
to  the  decision  in  the  case  of  Ilose  &  Go.  v.  Miller  in  1881.  With  the  later 
development  of  these  laws  it  is  not  necessary  to  deal  in  this  abstract,  nor,  indeed, 
have  tne  later  enactments  the  same  interest  as  those  passed  by  the  old  Raad.  It 
will  perhap  suffice  to  say  that  a  marked  indication  of  restored  confidence  since 
the  mst  change  of  Qovemment  is  shown  by  the  enormous  increase  which  has 
taken  place  in  the  application  for  the  various  rights  which  are  included  in  the 
title  '  industrial  property.' 

4.  The  Practice  and  Theory  of  Dumping,      By  W.  J.  Clarkson. 

This  was  a  discussion  of  the  practice  and  theory  of  dumping  in  the  com- 
mercial sense  of  the  word.  After  describing  the  practice,  which  it  was  pointed 
out  includes  only  the  case  of  selling  commodities  abroad  at  a  price  below  the  cost 
of  production,  and  the  converse,  which  is  the  purchasing  of  such  goods,  it  was 
shown  how  a  high  protective  tariff,  as  in  Germany,  may  give  producers  a 
monopoly  of  their  own  market.  This  leads  to  those  combinations  of  producers 
known  as  trusts  or  cartels,  whose  primary  object  is  to  raise  the  price  of  th^ 
commodities  they  produce,  to  the  disadvantage  of  the  rest  of  the  country.  WorCT 
shops  and  factories  are  equipped  for  enormous  outputs,  in  order  to  minimise  the 
cost  of  production,  which  fmjuentl^  leads  to  surplus  production.  This  surplus 
cannot  be  dinposed  of  at  home,  owing  to  the  stringent  r^ulations  of  the  trust 
reading  selling  price,  and  must  therefore  be  sold  abroad  at  a  loss*  The  evil 
effects  of  this  practice  upon  the  resource  of  the  country  were  discussed,  and  the 
high  price  of  iron  and  steel  in  Germany  was  instance,  where  manu&cturers  of 
the  finished  goods  are  at  a  great  disadvantage  when  competing  both  for  home  and 
foreign  trade. 

The  economic  effect  upon  the  country  purchasing  dumped  goods  was  described. 
Low-priced  importations,  it  was  argued,  increase  the  productiveness  of  the  im- 
porting country  and  allow  of  a  greater  return  to  capital  and  labour.  Greater 
opportunities  occur  for  competing  successfully  for  the  world's  trade.  It  ia  dodbtfnl 
whether  any  industry — in  the  United  Kingdom,  for  example— 4s,  or  oaa  becorai9v 
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in  a  declining  condition  through  the  competition  of  dumped  goods  from  abroad. 
It  ia  aaserted  that  the  relative  amount  of  goods  dumpned  into  Great  Britain,  com-. 
pared  with  the  volume  of  tbe  home  production  of  aimilar  goods,  is  an  almost 
negligible  percentage ;  which  might  be  expected,  considering  that  dumping  involves 
Budi  losses  to  those  having  recourse  to  it  that  its  extent  is  bound  to  be,  com- 
paratively speaking,  very  limited. 

The  full  effect  of  dumping  is  brought  out  by  reflecting  upon  the  train  of 
consequences  which  would  be  ^et  up  if  an  international  combination  against 
England  were  established  by  the  other  great  producing  nations  for  the  purpose  of 
dumping  into  England  all  those  classes  of  commodities  which  she  now  produces, 
with  tbe  view  of  destroying  her  industries.  The  conclusion  is  that  the  balance 
of  tbe  advantages  of  dumping  rests  entirely  in  favour  of  the  purchasing  country. 


WEDNESDAY,  AUGUST  m. 
The  following  Papers  were  read : — 

1.  The  Cost  of  Living  on  the  Band,     By  A.  Aiken. 


2.  The  Study  of  Economics  in  South  Africa.     By  A.  S.  Kidd. 

The  object  of  this  paper  was  to  show  how  litlle  encoui*agement  has  been 
given  to  the  study  of  economics  in  South  Africa  in  tbe  past,  and  at  the  same 
time  to  call  attention  to  some  of  the  many  interesting  topics  peculiar  to  South 
African  life  which  deserve  investigation.  Economics  has  been,  comparatively 
spewiking,  neglected  by  the  university  and  colleges  of  tbis  country.  Our  civil 
servants  and  politicians  have  had  no  training  in  tbe  science.  Private  students 
have  been  few  and  their  output  small.  The  South  African  Association  for  the 
Advancement  of  Science  has  in  a  way  laid  the  foundation-stone  of  a  Soutb  African 
School  of  Economics,  but  there  is  a  great  need  for  encouragement  and  develop- 
ment. There  are,  in  addition  to  the  most  obvious  economic  problems  of  South 
Africa,  many  others  of  an  interesting  nature — for  example,  the  future  of  the  native 
artisan,  the  local  markets,  and  the  cost  of  living  in  various  localities. 

Two  subjects  of  great  interest  in  Cape  Colony  are  the  history  of  taxation  and 
the  history  of  our  imports  and  exports,  both  of  which  subjects  would  repay  careful 
investigation.  Materials  for  the  study  of  such  questions  are,  unfortunately,  inac- 
cessible to  many  would-be  students ;  nevertheless,  much  might  be  done  in  certain 
centres.  As  regards  the  study  of  statistics  in  general,  tbe  student  has  to  face 
many  difficulties,  and  official  publications  have  in  the  past  been  somewhat  un- 
satisfactory in  method.  The  establish ment  of  an  Inter-Colonial  Bureau  of  Trade 
Statistics  is  in  sight,  tbe  creation  of  which  will  probably  bring  about  an  improve- 
ment. Some  of  the  social  problems  that  are  most  pressing  in  the  homelands  are 
here  conspicuous  by  their  absence ;  others,  however,  will  have  to  be  faced  in  tbese 
colonies.  The  visit  of  the  British  Association  will,  it  is  hoped,  among  its  other 
effects,  produce  a  greater  interest  in  economics  in  South  Africa. 


3.  What  is  Credit?    By  Francis  W.  Buxton,  M,A. 

The  author  feared  that  such  an  abstract  question  was  hardly  suitable  to 
Johannesburg,  but  under  the  circumstances  had  no  option. 

The  *  loan  fund  of  the  State,'  as  Bagehot  calls  it,  used  formerly  to  consist 
of  cattle,  and  not  of  capital,  as  now  understood.  '  Cattle  *  and  *  capital '  are 
etymologically  the  same  word.  Sir  H.  Maine  in  '  Early  Institutions '  describes  a 
condition  of  Irish  societv  which  was  based  on  the  lending  by  the  chief  of  his  herd 
of  cattle  to  his  villeins  u>r  services  rendered.  By  <  tajring  stock '  the  free  Irish 
tril^smaii  became  the  vassal  of  his  chief. 
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Demoethenes  recognised  the  division  of  every  commuuity  into  'lenders'  and 
'borrowers/  In  theM  days  Lombard  Street  collects  the  savings  of  private 
individoals  and  lends  tbem  ajrain.  Thus  the  loan  fund,  collected  in  the  hands  of 
bankers,  is  lent  out  immediately  and  supports  all  trades,  even  all  States. 

Bankers  live  by  lending,  and  we  may  be  sure  borrowers  would  not  borrow 
unless  they  could  use  the  money  profitably. 

'  LomMrd  Street '  is  the  most  highly  developed  instrument  for  lending  the 
loan  fund  wisely  and  prudently.  It  lends  instantaneously  to  the  trades  most 
requiring  money,  «.«.,  to  those  who  can  use  it  most  profitably  and  can  give 
the  best  security.  All  the  Lombard  Street  transactions  ars  in  paper,  not  in  gold« 
Bills  of  exchange  are  the  banker's  medium. 

J.  S.  Mill  on  'credit/ — We  may  divide  'credit'  into  three  classes: 
(1)  Bank-notes,  cheques,  &c.,  which  rest  on  a  solid  metallic  basis:*  (3)  com- 
mercial credits,  on  a  tangibly  basis  of  value,  goods  or  securities  which  are 
realisable;  and  (8)  personal  and  blank  credits,  which  rest  on  a  potential  or 
expected  basis  of  value/ 

Credit  is  potential  capital. 


h\lIDA  r,  SEPTEMBER  1. 

The  following  I'apera  were  read : — 

1.  Some  Aspects  of  the  Native  Question,     By  Howard  Fm. 

No  single  native  policy  is  accepted  throughout  South  Africa  as  adequate  and 
sound.    This  is  the  natural  consequence  of— 

(a)  The  short  time  during  which  organised  white  communities  have  been  in 
contact  with  the  native  races. 

(b)  Differences  of  custom,  training,  and  character  among  the  native  tribes 
themselves. 

It  is  therefore  still  useful  to  examine  if  native  custom  and  methods  of 
government  afford  us  any  indication  of — 

(a)  The  tendencies  which  exist  among  them. 

{h)  The  lines  of  least  resistance  to  their  education. 

Four  large  factors  in  native  life  were  therefoie  considered : — 

(a)  Polygamy. 
{b)  Tribal  system. 

(c)  Relation  to  the  land. 

(d)  Education. 

These  questions  were  examined  in  the  first  instance  as  if  the  Kaffir  could 
develop  in  this  country  without  the  interference  of  the  white  races,  but  this  is  not 
the  case ;  his  development  must  directly  affect  the  white  races  with  whom  he  is 
in  contact,  and  be  directly  affected  by  them. 

The  probable  results  of  intercourse  between  the  white  and  native  races  is, 
therefore,  an  integral  part  of  the  native  question,  and  by  no  means  the  least 
difficult. 

The  South  African  evidence  as  to  this  is  not  only  scanty  and  incomplete,  but 
has  not  yet  been  systematised. 

It  is  therefore  necessary  to  look  elsewhere ;  and  although  the  negro  question 
in  the  United  States  presents  obvious  differences  to  our  South  African  caae,  the 
relations  there  between  whites  and  negroes,  and  especially  the  tendencies 
manifested  in  the  development  of  these  relations  since  the  slaves  were  freed,  are 
of  great  importance,  and  probably  of  great  value. 

The  autnor  examined  these  tendencies,  and  suggested  some  conclusions  there- 
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from  wbichi  it  was  submitted^  are  applicable  to  the  problems  as  they  state 
themselyes  lo  South  Africa. 
These  conclusions  are : — 

(a)  That  to  give  the  native  political  power  is  premature. 

(b)  That  the  tendency  of  race  feeling  is  towards  segregation. 

(c)  That  the  ffreatest  benefit  each  race  can  confer  upon  the  other  is  to  cease 
to  form  part  of  the  other's  social  system — that  is,  not  to  become  politically  inde- 
pendent, but  to  become  socially  independent. 

(d)  That  the  evidence  points  to  a  wise  use  of  the  reserve  system  as  the  means 
best,  adapted  to  attain  this  end,  and  that  scattering  natives  promiscuously  among 
a  whitejDOpulation  will  not  conduce  thereto. 

(e)  Tnat  satisfactory  results  can  only  be  attained  by  keeping  the  bent  of  tlie 
natives  in  touch  with  the  best  of  the  whites,  and  that  this  involves  governing 
them  on  what  may  be  called  paternal  lines. 

(/)  That  powers  of  self-government  should  be  f^ranted  to  a  limited  extent, 
varying  with  the  circumstances  of  each  particular  tribe  or  district,  and  confined 
to  native  affairs. 

2.  Some  Statistics  of  the  Mineral  Industry  oftlie  Transvaal, 
By  A.  0.  Sutherland,  M.A. 

The  following  statistics  dealing  with  the  mineral  industry  of  the  Transvaal 
are  based  upon  official  figures  appearing  in  reports  of  the  Government  Mining 
Engineer,  in  them  the  term  'oz.'  is  used  as  meaning  a  '  fine  oz.'  (valued  in  the 
case  of  gold  at  4*24773/.),  the  term '  ton '  as  moaning  2,000  lb.,  and  the  term 
'  works  *  as  meaning  any  metallurgical,  chemical,  brickmaking,  pottery,  or  lime 
works,  or  places  where  machinery  is  erected. 

Output. — The  mineral  output  of  the  Transvaal  during  1904  consisted  of  gold, 
diamonds,  coal,  silver,  chemicals,  manures,  paints,  disinfectants,  and  a  small 
quantity  of  metals  other  than  gold  produced  at  metallurgical  and  chemical  works, 
stone,  lime,  bricks,  pottery,  &c.,  the  total  value  being  18,428,210/.,  of  which  gold, 
diamonds  and  coal  accounted  for  98*02  per  cent,  and  gold  alone  for  86-98  percent. 
The  output  of  gold  was  3,778,617  oz.,  valued  at  16,628,883/.,  of  which  6277  per 
cent,  was  recovered  from  mills,  35*96  per  cent,  from  chemical  treatment  on 
crashing  mines,  1*11  per  cent,  from  metallurgical  and  chemical  works,  0*10  ])er 
cent,  from  tailings  Isyndicates  and  non-crushing  mines,  0*02  per  cent,  from  alluvial 
workings,  and  0*04  per  cent,  from  other  sources.  The  total  tonnage  of  ore  milled  was 
8,409,447,  and  the  yield  per  ton  milled,  based  on  the  officially  declared  output, 
which  does  not  include  gold  contained  in  by-products  not  treated  at  the  mmes, 
was  8*861  dwt,  of  which  5*634  dwt.  was  obtained  from  mills  and  3*227  dwt. 
from  chemical  treatment  on  the  crushing  mines.  Including  the  gold  estimated  to 
be  contained  in  products  sold,  the  tot«l  yield  per  ton  milled  was  8*965  dwt. 
The  number  of  producing  mines  increased  during  the  year  from  68  to  81  and 
from  56  to  66  m  the  Transvaal  and  in  the  witwatersrand  area  respectively. 
The  number  of  stamps  running  increased  during  the  year  from  4,705  in  January 
to  5,850  in  December,  and  was  theorotically  equivalent  to  4,757  stamps  running 
without  cessation  throughout  the  whole  year.  The  average  number  of  tons 
crushed  per  stamp 'per  day  was  4*83.  The  number  of  stamps  erected  on  June  30, 
1904,  was  8,856.  During  1903  the  Tranavaars  output  of  gold  was  2,972,897  oz., 
amounting  to  18*7  per  cent,  of  the  output  of  the  world. 

The  output  of  diamonds  amountea  to  884,331  carats,  valued  at  1,150,873/.,  of 
which  value  the  stones  found  at  the  Premier  diamond  mine  accoimted  for  05*60 
percent. 

3,409,003  tons  of  coal  were  sold  by  collieries,  with  a  value  at  the  pit's  mouth 
of  883,891/. ;  46*39  per  cent,  of  this  coal  was  mined  in  the  Springs-Brakpan  area, 
45*06  per  cent,  in  the  Middelburg  area,  and  8*55  per  cent,  in  the  remainder  of  the 
TransvaaL 

All  the  silver  was  contained  in  the  gold  bullion,  and  was  estimated  to  amount 
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to  416,262  oz.y  valued  at  45,319/.  Metallurgical  and  chemical  works  produced, 
in  addition  to  gold,  a  small  quantity  of  other  metals,  chemicals,  manures,  disin- 
fectants, paints,  &c.y  to  the  value  of  20,046/.  Stone,  lime,  bricks,  pottery,  &c, 
were  proauced  at  works  to  the  value  of  299,199/. 

During  1904  the  following  development  took  place  in  gold  mines :  main  shaft 
finking,  32,202  ft.;  main  drives  and  cross-cuts, 312,878  ft.;  other  development, 
125,019  ft. ;  while  on  coal  mines  1,857  ft.  were  sunk  and  210,605  ft.  were  driven. 

Labour, — ^The  average  number  of  persons  at  work  on  mines  and  works  during 
the  last  six  months  of  1904  was  110,724,  comprising  16,505  whites,  86,768 
coloured,  and  9,451  Chinese.  86*66  per  cent,  of  these  persons  were  engaged  in 
the  production  of  gold,  7'79  per  cent,  in  the  production  of  coal,  2*72  per  cent,  in 
the  production  of  diamonds,  and  2*83  per  cent,  on  other  mines  and  work.  The 
average  number  of  persons  at  work  for  the  same  period  on  the  gold  mines  of  the 
Witwatersrand  was  89,106,  ooiu prising  13,683  whites,  65,97^  coloured,  and  9,451 
Chinese.  The  increase  in  the  number  of  persons  at  work  during  this  period  was  a 
large  one,  the  average  number  at  work  on  the  Witwatersrand  gold  mines  for  the 
month  of  December,  1904,  being  103,511,  comprising  14,1^8  whites,  70,512 
coloured,  and  18,833  Chinese.  Tbe  number  of  persons  at  work  on  the  Witwaters- 
rand gold  mines  in  July,  1899,  the  only  month  of  that  year  for  which  complete 
figures .  could  be  found  in  the  records  of  the  late  Government,  was  103,669, 
comprising  12,530  whites  and  91,139  coloured.  During  the  half-year  ending 
December  31,  1904,  of  tbe  total  number  of  coloured  and  Chinese  employed,  the 
average  percentages  at  work  were  92*63  per  cent,  and  85*05  per  cent,  respectively. 

Wages. — The  total  amount  paid  during  1904  in  salaries  and  wages  on  the 
mines  and  works  was  7,708,322/.,  of  which  6474  per  cent,  was  received  by  white 
men,  34*19  per  cent,  by  coloured  persons,  and  1*07  per  cent,  by  Chinese. 

The  avwHge  yearly  salary  and  wages  per  head  were  :— 

487/.  5«.  Qd,  for  the  staff, 
319/.  12«.  8(/.  for  white  workmen, 
30/.  19«.  1  Id,  for  coloured  persons, 
17/.  lOf.  bd,  for  Chinese. 

The  amounts  expended  on  food,  medicihe.s,  and  other  supplies  for  coloured  and 
Chinese  employes,  which  were  received  by  them  in  addition  to  their  wages,  were 
470,994/.  and  61,117/.,  averaging  8«.  9* 5c/.  andl5«.  4(/.  per  head  per  month  respec- 
tively. 

Accidents, — During  the  half-year  ending  December  31,  1904,  602  separate 
accidents  occurred  on  mines  and  work^,  resulting  in  620  casualties,  there  being  206 
K  persons  killed  and  414  injured.  The  principal  causes  of  these  casualties  were 
explosions  and  falls  of  ground,  which  accounted  for  21*29  per  cent,  and  20^  per 
cent,  of  the  total  respectively  The  death-rates  per  annum  from  accidents  for  the 
years  ending  June  80,  1902,  1903,  and  1904  were,  respectively,  3-3271,  4-0368, 
and  4-7498  per  1,000  persons  at  work. 

Stores — ^The  total  value  of  the  stores  consumed  by  the  mines  and  works  during 
the  year  1904  was  6,692,114/.,  of  which  the  gold  mines  of  tbe  Transvaal  and  of 
the  Witwatersrand  accounted  for  92*44  per  cent,  and  87*98  per  cent,  respectively. 
The  three  principal  items  were :  Machinery  and  machine  tools  to  the  value  of 
1,057,878/.;  coal,  952,558/.;  and  explosives,  759,151/.  Of  the  stores  consumed 
by  the  mines  during  the  year  ending  June  30,  1904,  only  4  204  per  cent,  was 

•  imported  direct  by  the  mining  companies. 

Explosives. — The  value  of  the  explosives  consumed  by  the  mines  and  works 
during  1904  was  759,151/.,  of  which  blasting  gelatine  snd  gelignite  accounted  for 
74*48  per  cent,  and'  20*80  per  cent,  respectively.  The  value  of  detonators  oonsomed 
was  24,958/. 

Meuihinery, — ^The  total  value  on  June  30, 1904,  of  the  machinery,  plant,  and 

•  buildings  on  all  mines  and  metallurgical  and  chemical  works  was  estimated  at 
1 9,670,120/.,  of  which  the  gold  mines  accounted  for  96*51  per  cent.  During  the 
year  ending  June  30,  1904,  the  amount  of  1,279,847/.  was  expended  on  sUDdry 
Items  of  machinery  and  'spares,'  and  1,951,833/.  on  equipment  of  new  mines  and 
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the  extenaioQ  of  the  plants  of  other  mines.  The  three  chief  items  were  plant  and 
buildings,  reduction  plant  excluding  engines,  and  treatment  plant  including 
furnaces,  &c.,  the  values  of  which  form  respectively  19*47  per  cent.,  16*66  per 
cent.,  and  13-80  per  cent,  of  the  total. 

The  number  of  prime  movers  on  June  30,  1004,  was  1,616,  with  an  indicated 
horse-power  of  211,31 9,  and  the  total  number  of  boilers  was  1,977. 

The  aggregate  horse-power  of  the  intermediate  machinery  and  of  the  driven 
machinery  was,  respectively,  84,738  and  186,871. 

Water  Conservation. — The  estimated  maximum  storage  capacity  on  June  30, 
1904,  of  the  dams  and  rtiservoirs  on  gold,  diamond,  and  coal  mines,  and  on 
metallurgical  and  chemical  works,  was  4,160,000,000  gallons,  while  the  estimated 
quantity  of  water  stored  in  them  on  that  date  was  3,607,243,300  gallons.  There 
was  also  an  additional  quantity  of  470,746,600  gallons  stored  in  pans  and  wells. 

Capital, — ^The  nominal  capital  on  June  30,  1904,  of  339  mining  companies 
from  whom  returns  were  received  by  the  Depurtment  of  Mines  was  1 11,416,102/., 
of  which  98,891,499/.  had  been  issued,  leaving  12,624,603/.  in  reserve.  During 
the  year  ending  June  30,  1904,  37  of  these  mining  companies,  with  an  issued 
capital  of  17,412,034/.,  paid  dividends  amounting  to  3,836,666/.,  equal  to  a  rate  of 
22-03  per  cent.  The  total  amount  paid  in  dividends  from  1887  to  1904,  induMve, 
by  gold  mines  of  the  Witwatersrand  was  28,331,906/. 

3.  The  Development  and  Working  o/EaUtuays  in  the  Colony  of  Natal, 
By  Sir  David  Hunter,  K.C.M.G. 


4.  The  Colonial  Lands  o/IfcUal,    By  Robert  k  Ababrelton. 

Natal  has  been  a  British  posMCStfion  for  more  than  half  a  century.  N^atal 
proper  contains  approximately  12,000,000  acres.  It  is  of  importance  to  notice 
the  manner  in  whicn  that  land  has  been  dealt  with  by  the  Colony.  Zululand  and 
the  '  Northern  Territories '  (till  lately  forming  part  of  the  Transvaal),  having 
lately  been  annexed  to  Natal,  are  excluded  from  consideration  in  this  paper. 

Prior  to  oocupatbn  bv  Europeans,  different  tribes  of  Bantus  *  squatted '  on  the 
land,  cultivating  small  plots  here  and  there,  removing  to  otfier  plots  when  the  soil 
became  exhausted  or  more  suitable  spots  were  found,  or  the  squatters  were  ousted 
by  a  superior  tribe.  The  cultivation  was  verv  poor,  principally  by  the  women. 
It  is  reported  that,  owing  to  Tshaka's  raids  from  Zululand,  the  Bantus  in  Natal 
proper  were  almost  exterminated,  only  about  thirty  remaining  between  the  Zulu- 
land  border  and  the  Umzimkulu.  Individual  ownership  of  land  was  unknown. 
Tribal  lands  were  held  by  the  chief  on  behalf  of  his  tribe. 

The  Dutch,  under  Retief,  entered  Natal  in  1837.  At  that  time,  and  for  some 
years  later,  it  was  customary  for  the  Dutch  settler  to  claim  as  his  *  farm  *  as  much 
land  as  he  could  ride  round  between  sunrise  and  sunset. 

In  South  Africa  the  word  '  farm '  is  used  for  any  extent  of  land  under  one 
.  ownership,  whether  cultivated  or  uncultivated. 

The  British  occupation,  at  first  only  of  what  is  now  the  town  of  Durban  and 
the  surroundingcountry,  took  place  in  1838-1839. 

The  Dutch  Kepublic  of  Natalia,  which  practically  meant  the  remaining  portion 
of  Natal  proper,  with  its  capital  at  Pietermaritzburg,  was  proclaimed  on  Decem- 
ber 24,  1839.  With  the  exception  of  Durban  it  exercised  jurisdiction  over  all 
Natal  proper. 

Natal  as  a  whole  became  a  British  colony  on  May  10,  1843.  It  was  annexed 
•  to  Gape  Colony  in  1846.  At  this  time  all  the  lands  of  the  Colony  were  considered 
to  belong  to  the  Crown,  but  as  they  were  dealt  with  by  the  Colonial  Government, 
with  very  little  interference  from  the  authorities  in  England,  they  may  fairly  be 
called  the  '  colonial '  lands  of  Natal. 

Grants  of  these  colonial  lands  vrere  made  from  time  to  time  to  Boer  farmers, 
to  towns  and  villages,  and  for  native  or  mission  purposes,  &c.    The  Boer  farmers, 
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who  were  unfavourable  to  the  British  occupatioD,  are  said  to  have  encountered  odd- 
sideraUe  difficulty  in  getting  their  claims  allowed  and  confirmed  by  the  Deoeesaiy 
'  grant/  Those  Boers  who  had  practically  declared  themselves  independent  of 
British  rule,  fearing  dispossession,  deserted  their  farms  in  considerable  numbers 
during  1846-1847. 

Grants  were  made  to  British  bubjects  on  quit-rent  tenure ;  but  to  stop  tlie 
exodus  of  Boers  the  Dutch  were  promised  permanent  titles  to  their  farms,  not 
exceeding  4,000  acres  each,  with  the  remission  of  the  anit-rent  for  the  first  throe 
years,  in  that  way  245,000  acres  were  alienated ;  whilst  3,160.000  aores  were 
alienated  to  British  subjects  on  quit-rent  tenure,  with  power  to  convert  into  free- 
hold in  each  case. 

Natal  became  a  separate  colony  in  the  year  1866. 

Then  came,  in  1856,  the  '  military  service  grants,'  the  grantee  undertaking  to 
keep  a  horse  and  gun,  with  the  necessary  ammunition,  &c.  Under  these  granta 
65,000  acres  were  alienated  for  ever,  the  *  military  service '  obligation  soon  falling 
into  desuetude. 

This  was  followed,  in  1867,  by  grafkts  of  quit-rent  farms,  with  a  fine  for  '  non- 
occupation  '  of  four  times  the  amount  of  the  quit-rent  per  acre,  in  addition  to  the 
quit-rent  itself.  This  '  non-occupation  fine  *  was  largely  evaded  or  not  enforced  ; 
1,820,000  acres  were  alienated  in  this  way.  In  other  ways  not  specified  656,000 
acres  were  granted  in  freehold. 

In  1880  the  ten-years'  purchase  system  was  instituted,  afterwards  altered  to 
the  twenty-years*  purchase  syfetem,  which  still  obtains.  Theoretically,  the  purohase 
system  should  be  very  beneficial  to  the  Colony «  The  lands  are  sold'in  freehold  by 
public  auction  at  an  uptet  price  or  *  reserve  *  of  10».  per  acre,  the  purchase  price 
being  spread  over  the  period  mentioned  in  equal  instalments.  Beneficial  occupa- 
tion is  insisted  upon  on  paper.  Practically,  by  arrangement  between  intending 
purchasers,  and  by  the  non- enforcement  of  the  occupation  clause,  these  purchase 
systems  have  largely  failed  in  their  object.  In  consequence  of  the  inquiries  of  the 
Lands  Commissions  in  1901,  it  was  discovered  that  there  had  never  been  a  case 
in  which  such  lands  had  been  resumed  for  default  in  fulfilling  the  terms  of  the 
occupation  condition.    Under  these  systems  2,590,000  acres  have  been  alienated. 

Approximately,  there  only  remain  about  1,000,000  acres  of  colonial  lands 
unalienated,  which  the  Survey or-Qeneral  considere  to  be  mainly  in  the  least  acces- 
sible districts  of  the  Colony.  This  means,  in  practice,  that  the  most  valuable  asset 
of  the  Colony  has  been  alienated  for  ever. 

It  should  be  mentioned  that  2^  millions  of  acres  sre  held  in  trust  for  the 
natives  for  ever;  170,000  acres  were  granted  for  missionary  purposes;  16,600 
acres  were  granted  for  educational  purposes,  and  135,000  acres  were  set  apart  for 
towns  and  villages. 

The  alienation  of  these  colonial  lands  has  not  been  entirely  without  benefit  to 
the  Colony.  That  would  be  impossible.  It  is  beneficial,  in  a  sense,  if  lands  are 
taken  up  under  any  conditions.  But  through  parting  with  (or  *  g^vin^  away,'  as  the 
Lands  Commissioners  termed  it)  the  Crown  lands  of  the  Colony  m  the  manner 
indicated,  Natal  must  now  look  more  to  its  other  resources  for  its  future  pro- 
sperity. 

If  the  proceeds  of  the  sale  of  these  colonial  lands  had  been  set  apart  to  form 
a  fund  for  future  use  in  connection  with  land  settlement,  instead  of  being  thrown 
into  general  revenue,  the  prospects  of  white  occupation  would  be  very  different  to 
those  at  present  existing. 

In  1902  the  Lands  Commission  recommended  that  this  should  be  done  in  the 
case  of  all  lands  in  process  of  alienation  then  or  in  the  future ;  but,  so  far  as  the 
author  is  aware,  this  recommendation  has  not  been  carried  out. 

The  great  object  of  the  sale  of  the  colonial  lands  was  their  beneficial  occupa- 
tion by  persons  of  European  descent^  and  the  increase  of  the  white  population  of 
the  Colony.  It  has  been  a  common  practice  to  approach  the  Government,  through 
members  of  the  Legislature  or  high  officials,  for  relaxation  from  occupation  ooih 
ditions.  No  case  came  before  the  Commission  where  such  an  application  was  met 
by  the  suggestion  that  the  land  should  be  resumed  by  the  Government*    Such  aft 
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idea  never  appears  to  have  entered  the  minds  of  those  concerned.  The  report  of 
the  Commission  states :  '  Titles  have  been  acquired  by  little  or  absolutely  no  occu- 
pation. The  beneficial  occupation  condition  has  debarred  numbers  of  persons  from 
purchasinf|[  Crown  lands.  Others,  le^s  scrupulous,  have  purchased,  and  ignored 
the  conditions,  and  acquired  the  titles.* 


5.  Tlie  State  in  relation  to  Agriculture  in  South  Africa, 
By  F.  B.  Smith. 

From  the  earliest  times  the  Governments  of  States  or  communities  hare 
interested  themselves  in  agriculture^  for  the  obvious  reason  that  their  very  existence 
to  a  large  extent  depended  upon  that  art  or  industry.  Until  lately  State  efforts 
have  b^n  mainly  directed  towards  protecting  the  farmer  from  physical  inter- 
ference, and  towards  imposing  protective  duties  or  giving  bounties  on  certain 
products.  Various  enlightened  Administrations  have  from  time  to  time  introduced 
new  varieties  of  stock  and  crops,  and  have  endeavoured  to  educate  the  farmers  and 
improve  their  methods ;  but  the  work  has  to  a  great  extent  been  dependent  upon  the 
bent  of  individuals,  and  has  not  been  consistently  pursued  by  the  States  concerned. 

Owing  to  changed  conditions  and  to  keen  competition  the  subject  of  agricultural 
administration  has  become  a  very  important  one,  and  the  most  enterprising 
countries  in  both  hemispheres  are  straining  every  nerve  to  so  protect,  educate,  and 
organise  the  farmers  that  their  labours  may  be  attended  with  the  greatest 
advantage;  and  not  only  may  their  own  lands  be  supplied  with  cheap  food,  but  the 
farmers  may  obtain  their  share  of  the  markets  of  the  world. 

Until  recently  South  Africa  was  entirely  dependent  upon  ngnculture;  and 
having  regard  to  the  fact  that  Cape  Colony  was  first  occupied  by  ulq  Dutch,  who 
are  notoriously  great  farmers,  as  far  back  as  1662,  one  might  have  ex])ected  that 
agriculture  and  agricultural  administration  would  have  attained  a  high  state  of 
development ;  but  this  is  not  so.  The  reasons  for  this  lack  of  progress  are  due 
chiefly  to  the  isolation  of  South  Africa  and  of  the  individual  farmers  therein,  to 
the  dispositions  of  the  people,  the  lack  of  markets,  absence  of  competition,  the 
attractions  of  the  chase,  and  other  factors. 

Shortly  before  the  late  war  there  was  a  great  awakening  as  regards  agriculture, 
but  though  large  sums  of  money  were  expended  in  endeavoaring  to  assist  it,  the 
efforts  were  not  very  well  organised  or  wisely  directed. 

Since  the  late  war  the  various  colonies  have  been  endeavouring  to  put  their 
houses  in  order.  The  present  affords  an  excellent  opportunity  for  so  doing,  and  it 
is  of  the  utmost  importance  that  every  advantage  should  be  taken  of  it,  so  that 
matters  may  be  placed  upon  a  proper  footing  once  and  for  all  and  the  discredit  of 
a  false  start  avoided. 

The  problems  which  confront  the  various  Administrations  are  many  and 
difficult,  and  must  be  dealt  with  in  a  radical  manner. 

It  is  the  duty  of  the  State  to  endeavour  to  remove  the  disabilities  from  which 
farmers  suffer  as  regards  diseases  of  animals  and  plants^and  other  matters;  to 
increase  and  cheapen  production ;  to  protect  the  farmers  from  fraud,  from  unfair 
oomx>etition  and  taxation;  to  organise  them;  to  educate  them;  to  open  up  new 
markets  and  to  develop  new  industries ;  to  improve  and  cheapen  communication 
and  transport;  to  promote  forestry  and  irrigation  works. 
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Section  G.— ENGINEERING. 

President  op  the  Section — Colonel  Sir  Colin  Scott  Moncrisfp, 
G.C.S.I.,  K.C.M.G.,  R.E. 


The  President  delivered  the  following  Address  at  Johannesbuii^  on  Tuesday, 
August  29: — 

Science  has  been  defined  as  the  medium  through  which  the  knowledge  of  the 
few  can  be  rendered  available  to  the  many ;  and  among  the  first  to  avail  himself 
of  this  knowledge  is  the  engineer.  He  has  created  a  young  science,  the  oflPspring, 
as  it  were,  of  the  older  sciences,  for  without  them  engineering  could  have  no 
existence. 

The  astronomer,  gazing  through  long  ages  at  the  heavens  and  laying  down  the 
courses  of  the  stars,  has  taught  the  engineer  where  to  find  his  place  on  the  earth's 
surface. 

The  geologist  has  taught  him  where  he  may  find  the  stones  and  the  minerals 
which  he  requires,  where  he  may  count  on  firm  rock  beneath  the  soil  to  build  on, 
where  he  may  be  certain  he  will  find  none. 

The  chemist  has  taught  him  of  the  subtle  gases  and  fluids  which  fill  all  space, 
and  has  shown  him  how  they  may  be  transformed  and  transfused  for  his  purposes. 

The  botanist  has  taught  him  the  properties  of  all  trees  and  plants,  '  from  the 
cedar  tree  that  is  in  Lebanon  even  unto  the  hyssop  that  springeth  out  of  the 
wall.* 

Aid  all  this  knowledge  would  be  as  nothing  to  the  en^neer  had  he  not 
reaped  the  fruits  of  that  most  severe  of  all  pare  and  noble  sciences — the  science 
of  numbers  and  dimensions,  of  lines  and  curves  and  spaces,  of  surfaces  and  solids 
— the  science  of  mathematics.  , 

Were  I  to  attempt  in  the  course  of  a  single  address  to  touch  on  all  the  many 
branches  of  engineering,  I  could  do  no  more  than  repeat  a  number  of  platitudes, 
which  vou  know  at  least  as  well  as  I  do.  You  would  probably  have  fallen  asleep 
before  f  was  half  finished,  and  it  would  be  the  best  thing  you  could  do.  I  think,  then, 
that  it  will  be  better  to  select  one  branch,  a  branch  on  which  comparatively  little 
has  been  written,  which  has,  I  understsnd,  a  special  interest  for  South  Africa;  and 
which  has  occupied  the  best  years  of  my  life  m  India,  Southern  Europe,  Central 
Awa,  end  Egypt — I  mean  the  science  of  irrigation.  My  subject  is  water — living, 
life-giving  wat>er.  It  can  surely  never  be  a  dry  subject ;  but  we  all  know  that  with 
the  best  text  to  preach  on  the  preacher  may  be  as  dry  as  dust. 

Irrigation:   What  it  Means. 

Irrigation  may  be  defined  as  the  artificial  application  of  water  to  land  for 
the  purposes  of  agriculture.  It  is,  then,  precisely  the  opposite  of  drainage,  which  is 
the  artificial  removal  of  water  from  lands  which  have  become  saturated,  to  the 
detriment  of  agriculture.  A  drain,  like  a  river,  ^oes  on  increasing  as  affluents 
join  it.     An  irrigation  channel  goes  on  diminishing  as  water  is  drawn  off  it. 
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Later  on  I  shall  show  you  hoVr  good  irrigation  should  always  be  accompanied  by 
drainage. 

In  lands  where  there  is  abundant  rainfall,  and  where  it  falls  at  the  right 
season  of  the  year  for  the  crop  which  it  is  intended  to  raise,  there  is  evidently  no 
need  of  irrigation.  But  it  onen  happens  that  the  soil  and  the  climate  are  adapted 
for  the  cultivation  of  a  more  valuable  crop  than  that  which  is  actually  raised, 
because  the  rain  does  not  fiiU  just  when  it  is  wanted,  and  there  we  must  take  to 
artificial  measures. 

In  other  lands  there  is  so  little  rain  that  it  is  practically  vnlueless  for  agricul-> 
ture,  and  there  are  but  two  alternatives—irrigation  or  desert.  It  is  in  countries 
like  these  that  irrigation  has  its  highest  triumph ;  nor  are  such  lands  always  to  be 
pitied  or  despised.  The  rainfall  in  Cairo  is  on  an  average  1*4  inch  per  annum, 
yet  lands  purely  agricultural  are  sold  in  the  neighbourhood  as  high  as  150/.  an 
acre. 

This  denotes  a  fertility  nerhaps  unequalled  in  the  case  of  any  cultivation  de- 
pending oo  rain  alone,  and  this  in  spite  of  the  fact  that  the  Egyptian  cultivator  is 
in  manv  respects  very  backward.  The  explanation  is  not  far  to  seek.  AU  rivers 
in  flood  carry  along  much  more  than  waters  Some  carry  alluvial  matter.  .Some 
carry  fine  sand.  Generally  the  deposit  is  a  mixture  of  the  two.  I  have  never 
heard  of  any  river  that  approached  the  Nile  in  the  fertilising  nature  of  the  matter 
borne  on  its  annual  floods ;  with  the  result  that  the  plains  of  Egypt  have  gone  on 
through  all  ages,  with  the  very  minimum  of  help  from  foreign  manures,  yielding 
magnificent  crops  and  never  losing  their  fertility.  Other  rivers  bring  down  little 
but  barren  sand,  and  any  means  of  keeping  it  off  the  fields  should  be  employed. 

Primitive  Means  of  Irrigation. 

The  earliest  and  simplest  form  of  irrigation  is  effected  by  raising  water  from  a 
lake,  river,  or  well,  and  pouring  it  over  the  land.  The  water  may  be  raised  by 
any  mechanical  power,  from  the  brawny  arms  of  the  peasant  to  the  newest  pattern 
of  pump.  The  earliest  Egyptian  sculptures  show  water  being  raisea  by  a 
bucket  attached  to  one  end  of  a  long  pole,  turning  on  an  axis  with  a  heavy  counter- 
poise at  the  other  end.  In  Egypt  this  is  term^  a  ghadoqf,  and  to  this  day,  i^l 
along  the  Nile  banks,  from  morning  to  night,  brown-skinned  peasants  may  be  seen 
watering  their  fields  in  precisely  this  way.  Tier  above  tier  they  ply  their  work 
so  as  to  raise  water  15  or  16  feet  on  to  their  land.  By  this  simple  contrivance  it 
is  not  possible  to  keep  more  than  about  4  acres  watered  by  one  shadoof,  so  you 
may  imagine  what  an  army  are  required  to  irrigate  a  large  surface.  Another  method, 
largely  used  by  the  natives  of  mrthem  Inma,  is  the  shallow  bucket  suspended 
between  two  strings,  held  by  men  who  thus  bale  up  the  water.  A  step  higher  is  the 
water-wheel,  with  ouckets  or  pots  on  an  endless  chain  around  it,  worked  by  one  or  a 
pair  of  bullock^  This  is  a  very  ordinary  method  of  raising  the  water  throughout 
the  East,  where  the  water-wheel  is  of  the  rudest  wooden  construction  and  the  pots 
are  of  rough  earthenware.  Yet  another  method  of  water-raising  is  very  common 
in  India  from  wells  where  the  spring  level  may  be  as  deep  as  100  feet  or  more.  A 
large  leathern  bag  is  let  down  tne  well  by  a  rope  passing  over  a  pulley  and  raised  by 
a  pair  of  bullocks,  which  haul  the  bag  up  as  they  run  down  a  slope  the  depth  of 
the  well.  An  industrious  farmer  with  a  good  well  and  three  pairs  of  good  bul- 
locks can  keep  as  much  as  12  acres  irrigated  in  Northern  India,  although  the 
average  is  much  less  there.  The  average  cost  of  a  masonry  well  in  India  varies 
from  20/.  to  40/.,  according  to  the  dept-h  required.  But  it  is  obvious  that  in  many 
places  the  geological  features  of  the  country  are  such  that  well-sinking  is  im- 
practicable. The  most  favourable  conditions  are  found  in  the  broad  alluvial  plains 
of  a  deltaic  river,  the  subsoil  of  which  may  be  counted  on  as  containing  a  constant 
supply  of  water. 

Pumps  and  Windmills. 

All  these  are  the  primitive  watei^raising  contrivances  of  the  East.  Egypt 
has  of  late  been  more  in  touch  with  Western  civilisation,  and  since  its  cotton 


492  REPORT— 1905. 

and  *  8ugar-<»De  crops  vield  from  6/.  to  8/.,  or  even  10/.  per  acre,  the  well- 
to-do  farmer  can  easily  afford  a  centrifagaL  pump  worked  by  steam  power. 
Of  these  there  are  now  many  hundreds,  lized  or  portable,  working  oii 
the  Nile  banks  in  Egypt  Where  wind  can  be  counted  on  the  windmill 
is  a  very  useful  and  cheap  means  of  raising  water.  But  everything  depends 
on  the  force  and  the  reliability  of  the  wind.  In  the  dry  Western  States  of 
America  wind  power  is  largely  used  for  pumping.  It  is  found  that  this  power 
is  of  little  use  if  its  velocity  is  not  at  least  eix  miles  per  hour.  (The  mean 
force  of  the  wind  throughout  the  whole  United  States  is  eight  miles  per  hour.) 
Every  windmill,  moreover,  should  discharge  its  water  into  a  tank.  It  is  evident 
that  irrigation  cannot  go  on  without  cessation  day  and  night,  and  it  may  be  that 
the  mill  is  pumping  its  best  just  when  irrigation  is  least  wanted.  Too  water 
should,  thereforei  be  stored  till  reauired.  In  America  it  is  found  that  pumping 
by  wind  power  is  about  two- thirds  of  the  cost  of  steam  power.  With  a  reservoir 
5  to  15  acres  may  be  kept  irrigated  by  a  windmill.  Without  a  reservoir  3  acres 
is  as  much  as  should  be  counted  on.  Windmills  attached  to  wells  from  30  to 
160  feet  deep  cost  from  30/.  to  70/. 

Artesian  Welle. 

Up  to  now  the  Artesian  well  cannot  be  counted  on  as  of  great  value  for  irriga^ 
tion.  In  the  State  of  California  there  are  said  to  be  8,007  Artesian  wells,  of  a 
mean  depth  of  210  feet,  dibcharge  0*12  cubic  feet  per  second,  and  original  cost  on  an 
average  fiO/.    Thirteen  acres  per  well  is  a  large  outturn. 

In  Algeria  the  French  have  bored  more  than  800  Artesian  wells,  with  a  mean 
depth  of  142  feet,  end  they  are  said  to  irrigate  60,000  acres.  But  this  is  scattered 
over  a  large  area.  Otherwise,  the  gathering  ground  would  probably  yield  a  much 
smaller  supplv  to  each  well  than  it  now  has.  In  Queensland  Artesian  wells  aro 
largely  usea  for  the  water-supply  of  cattle  stations,  but  not  for  irrigation. 

Well  Irrigation, 

It  is  evident  that  where  water  has  to  be  raised  on  to  the  field  there  Is  an  outlaj^ 
of  human  or  mechanical  power  which  may  be  ^ aved  if  it  can  be  brought  to  flow 
over  the  fields  by  gravitation.  But  there  is  one  practical  advanta^  in  irrigating 
with  the  water  raised  from  one  s  own  well  or  from  a  river.  It  is  in  the  Autners 
own  hands.  He  can  work  his  pump  and  flood  his  lands  when  he  thinks  best.  He 
is  independent  of  his  neighbours,  and  can  have  no  disputes  with  them  as  to  when 
he  may  be  able  to  get  water  and  when  it  may  be  denied  to  him.  In  Eastern 
countries,  where  corruption  is  rife  among  the  lower  subordinates  of  Government,  the 
farmer  who  sticks  to  his  well  knows  that  he  will  not  require  to  bribo  anyone ;  and 
so  it  is  that  in  India  about  13  millions  of  acres,  or  30  per  cent,  of  the  whole  annual 
irrigation,  is  effected  by  wells.  Government  may  see  fit  to  muke  advances  to 
enable  the  farmer  to  find  his  water  and  to  purchase  the  machinery  for  raising  it ; 
or  joint*stock  companies  may  be  formed  with  the  same  object.  Beyond  thb  all  ia 
in  the  hands  of  the  landowner  himself. 

Canal  Irrigalion* 

Irrigation  on  a  large  scale  is  best  effected  by  diverting  water  from  a  river  or 
lake  into  an  artificial  channel,  and  thence  on  to  the  fields*  If  the  water  surface 
of  a  river  has  a  slope  of  2  feet  per  mile,  and  a  canal  be  drawn  from  it  with  a 
surface  slope  of  1  foot  per  mile,  it  is  evident  that  at  the  end  of  a  mile  the  water 
in  the  canal  will  be  1  foot  higher  than  that  in  the  river ;  and  if  the  water  in  the 
river  is  10  feet  below  the  plain,  at  the  end  of  10  miles  the  water  in  the  canal 
will  be  flush  with  the  plain,  and  henceforth  irrigation  can  be  effected  by  simple 
gravitation. 

When  there  is  no  question  of  fertilising  deposit,  and  only  pure  water  is 

to  be  had,  the  most  favourable  condition  of  irrigation  is  where  the  canal  or 

-^^  river  has  its  source  of  supply  in  a  great  lake.     For,  be  the  rainfall  ever 
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80  heavy,  the  water  surface  in  the  lake  will  not  rise  very  much,  nor  will  it  greatly 
sink  at  the  end  of  a  lon^p  drought.  Where  there  is  no  moderating  lake,  a  river 
fed  from  a  glacier  has  a  precious  source  of  supply.  The  hotter  the  weather,  the 
more  rapidly  will  the  ice  melt,  and  this  is  just  when  irrigation  is  most  wanted. 

Elsewhere,  if  crops  are  to  he  raised  and  the  rain  cannot  he  counted  on,  nor 
well  irrigation  be  practised,  water  stora^  becomes  necessary,  and  it  is  with  the 
help  of  water  storage  that  in  most  countries  irrigation  is  carried  on. 

WcUer  Storctge, 

To  one  who  has  not  given  the  subject  attention  surprise  is  often  expressed  at 
the  large  volume  of  water  that  has  to  be  stored  to  water  an  acre  of  land.  In  the 
case  of  rice  irrigation  in  India,  it  is  found  that  the  storage  of  a  million  cubic 
feet  does  not  suffice  for  more  than  from*  0  to  8  acres.  For  the  irrigation  of 
wheat  about  one-third  this  quantity  is  enough.  It  would  never  pay  to  excavate 
on  a  level  plain  a  hollow  large  enough  to  hold  a  million  cubic  feet  of  water.  It 
is  invariably  done  by  throwing  a  dam  across  the  bed  of  a  river  or  a  valley  and 
ponding  up  the  water  behind  it.  Many  points  have  here  to  be  considered :  The 
length  of  dam  necessary,  its  height,  the  material  of  which  it  is  to  be  constructed, 
the  area  and  the  value  of  the  land  tJiat  must  be  submeK^,  the  area  of  the  land 
that  may  be  watered.  The  limits  of  the  height  of  a  d^m  are  from  about  150 
to  15  feet.  If  the  slope  of  the  valley  is  ff^i  it  may  be  that  the  volume  which 
can  be  ponded  up  with  a  dam  of  even  160  leet  is  inconsiderable,  and  the  cost  may 
be  inrohibitory.  On  the  other  hand,  if  the  country  is  very  flat,  it  may  bo  that 
a  aam  of  only  20  feet  high  may  require  to  be  of  quite  an  inordinate  length, 
and  compensation  for  the  area  of  land  to  be  submerged  may  become  a  very  large 
item  in  the  estimate.  I  have  known  of  districts  so  flat  that  in  order  to  irrigate 
an  acre  more  than  an  acre  must  be  drowned.  This  looks  ridiculous,  but  is  not 
really  so,  for  the  yield  of  an  irrigated  acre  may  be  eight  or  ten  times  that  of  an 
unirrigated  one;  and  after  the  storage  reservoir  has  been  emptied  it  is  often 
possible  to  raise  a  good  crop  on  the  saturated  bed. 

The  advantage  of  a  deep  reservoir  is,  however,  very  great,  for  the  evaporation 
is  in  proportion  to  the  area  of  the  surface,  and  if  two  reservoirs  contain  the  same 
volume  of  water,  and  the  depth  of  one  is  double  that  of  the  other,  the  loss  by 
evaporation  from  the  shallow  one  will  bo  double  that  of  the  deep  one.  In  India, 
from  time  immemorial,  it  has  been  the  practice  to  store  water  for  irrigation,  and 
there  are  many  thousands  of  reservoirs,  from  the  great  artificial  lakes  holding  as 
much  as  5,000  or  6,000  millions  of  cubic  feet,  down  to  the  humble  viUage 
tank  holding  not  a  million.  There  are  few  of  which  the  dam  exceeds  80  feet 
in  heiffht,  and  such  are  nearly  always  built  of  masoniy  or  concrete.  For  these 
it  is  aosolutely  necessary  to  have  sound  rock  foundations.  If  the  dam  is  to 
be  of  earth,  the  quality  of  the  soil  must  be  carefully  seen  to,  and  there  should  he 
a  central  core  of  puddle  resting  on  rock  and  rising  to  the  maximum  height  ot 
water  surface.  If  the  dam  is  of  masonry,  there  mav  perhaps  be  no  harm  done 
should  the  water  spill  over  the  top.  If  it  is  of  earth,  this  must  never  happen,  and 
a  waste  weir  must  be  provided,  if  possible  cut  out  of  rock  or  built  or  the  best 
masonry,  and  large  enough  to  discharge  the  greatest  possible  flood.  More  acci- 
dents occur  to  reservoirs  through  the  want  of  sufficient  waste  weirs  or  their  faulty 
construction  than  from  any  other  cause. 

As  important  as  the  waste  weir  are  the  outlet  sluices  through  which  the  water 
is  conveyed  for  the  irrigation  of  the  fields.  If  possible  they  should  be  arranged 
to  serve  at  the  same  time  as  scouring  sluices  to  carry  off  the  deposit  that  accumu- 
lates at  the  bottom  of  the  reservoir.  For,  unless  provided  with  very  powerful 
sconring  sluices,  sooner  or  later  the  bed  of  the  reservoir  will  become  silted  up, 
and  the  space  available  for  water  storage  will  keep  diminishing.  As  this  happens 
in  India,  it  is  usual  to  go  on  raising  the  embankment  (for  it  does  not  pay  to  dig 
out  the  deposit),  and  so  the  life  of  a  reservoir  may  be  prolonged  for  many  years. 
Ultimately  it  is  abandoned,  as  it  is  cheaper  to  make  a  new  reservoir  altogether 
than  to  dig  out  the  old  one.  ^  t 
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Italian  Irrigaiion, 

For  the  study  of  high-class  irrigatioo  there  is  probably  no  school  so  good  as  is 
to  be  found  in  tlie  plains  of  Piedmont  and  Lombardy.  Every  variety  of  condition 
is  to  be  found  here.  The  engineering  works  are  of  a  very  high  class,  and  from 
long  generations  of  experience  the  farmer  knows  how  best  to  use  his  water. 

The  great  river  Po  has  its  rise  in  the  foothills  to  the  west  of  Piedmont.  It  is 
not  fed  from  glaciers,  but  by  rain  and  snow.  It  carries  with  it  a  considerable 
fertilising  matter.  Its  temperature  is  higher  than  that  of  glacial  water — a  point  to 
which  much  importance  is  attached  for  the  very  valuable  meadow  irrigation  of 
winter.  From  the  left  bank  of  the  Po,  a  few  miles  below  Turin,  the  great  Gavour 
Canal  takes  its  rise,  cutting  right  across  the  whole  drainage  of  the  country.  It  has 
a  full-supply  discharge  of  3,800  cubic  feet  per  second ;  but  it  b  only  from  October 
to  May  that  it  carries  anything  like  this  volume.  In  summer  the  discharge  dees 
not  exceed  2,200  cubic  feet  per  second,  which  would  greatly  cripple  the  value  of 
the  work  were  it  not  that  the  glaciers  of  the  Alps  are  melting  then,  and  the  great 
torrents  of  the  Dora  Baltea  and  Sesia  can  be  counted  on  for  a  volume  exceeding 
6,000  cubic  feet  per  second. 

Lombardy  is  in  no  respects  worse  off  than  Piedmont  for  the  means  of  irriga- 
tion; and  its  canals  have  the  adirantage  of  being  drawn  from  the  lakes 
Maggiore  and  Oomo,  exercising  a  moderating  influence  on  the  Ticino  and 
Adda  rivers,  which  is  sadly  wanted  on  the  Dora  Baltea.  The  Naviglio 
Grande  of  Lombardy  is  drawn  from  the  left  bank  of  the  Ticino,  and  is  used  laigely 
for  navigation,  as  well  as  irrigation.  It  discharges  between  3,000  and  4,000  cubic 
feet  per  second,  and  nowhere  is  irrigation  probably  carried  on  with  less  expense. 
From  between  Lake  Maggiore  and  the  head  of  the  Naviglio  Grande  a  great 
new  canal,  the  Yilloresi,  has  been  constructed  during  the  last  few  years  with  head 
sluices  capable  of  admitting  6,700  cubic  feet  per  second,  of  which,  however, 
4,200  cubic  feet  have  to  be  passed  on  to  the  Naviglio  Grande.  Like  the  Cavour 
Canal,  the  Villoresi  crosses  all  the  drainage  coming  down  from  the  foothills  to 
the  north.    This  must  have  entailed  the  construction  of  very  costly  works. 

IrrigaUon  in  Northern  India. 

It  is  in  India  that  irrigation  on  the  largest  scale  is  to  be  found.  The  great 
plains  of  Northern  India  are  peculiarly  well  adapted  for  irrigation,  which  is  a 
matter  of  life  and  death  to  a  teeming  population  all  too  well  accustomed  to  a 
failure  of  the  rain-supply. 

The  Ganges,  the  Jumna,  and  the  great  rivers  of  the  Punjab  have  all  been 
largely  utilised  for  feeding  irrigation  canals.  The  greatest  of  these,  derived  from 
the  river  Chenab,  and  discharging  from  10,500  to  3,000  cubic  feet  per  second,  was 
begun  in  1839,  with  the  view  of  carrying  water  into  a  tract  entirely  desert  and  un- 
\  opulated.  It  was  opened  on  a  small  scale  in  1892,  was  then  enlarged,  and  ten 
years  after  it  irrigated  in  one  year  1,829,000  acres,  supporting  a  population  of 
800,000  inhabitants,  colonists  from  more  congested  part«  of  India. 

The  Ganges  Canal,  opened  in  1854,  at  a  time  when  there  was  not  a  mile  of 
railway,  and  hardljf  a  steam  engine  within  a  thousand  miles,  has  a  length  of  about 
9,900  miles,  including  distributing  channels.  It  was  supplemented  in  1878  by  a 
lower  canal,  drawn  from  the  same  river  130  miles  further  down,  and  these  two 
canals  now  irrigate  between  them  1,700,000  acres  annually.  On  all  these  canals  are 
engineering  works  of  a  very  high  class.  The  original  Ganges  Canal,  with  a  widtli 
of  bed  of  200  feet,  a  depth  of  10  feet,  and  a  maximum  discharge  of  10,000  cubic 
feet  per  second,  had  to  cross  four  great  torrents  before  it  could  attain  to  tbe  water- 
shed of  the  country,  after  which  it  could  begin  to  irrigate.  Two  of  these  torrents 
are  passed  over  the  canal  by  broad  super-passages.  Over  one  of  them  the  canal  is 
carried  in  a  majestic  aqueduct  of  fifteen  arches,  each  of  50  feet  span ;  and  the  fourth 
torrent,  the  most  difficult  of  all  to  deal  with,  crosses  the  canal  at  the  sanjjo  level,  a 
row  of  forty-seven  floodgates,  each  10  feet  wide,  allowin^j  the  torrent  to  pa«9 
through  and  out  of  the  canal. 


Digitized  by 


Google 


TRANSACTIONS  OF  SECTION  G.  495 

Elaewhere  there  aie  rivers  in  India,  rising  in  districts^sub^ect  to  certain  heavy 
periodical  rainfall,  and  carrying  their  waters  on  to  distant  plains  of  very  imcertain 
rainfall.  At  a  small  expense  channels  can  sometimes  be  constructed  drawing  off 
from  the  flooded  river  water  suffideDt  thoroughly  to  saturate  the  soil,  and  render 
it  fit  to  be  ploughed  up  and  sown  with  wheat  or  barley,  which  do  not  reqiure 
frequent  watering.  The  canal  soon  dries  up,  and  the  sown  crop  must  take  its 
chance;  but  a  timely  shower  of  rain  may  come  in  to  help  it,  or  well  irrigation  may 
mature  the  crop.  These,  which  are  known  in  India  as  inundation  canals,  are  of 
high  value. 

Sauiham  India, 

In  Southern  India  there  are  three  great  rivers,  drawing  their  supply  from  the 
line  of  hiUs  called  the  Ghats,  running  parallel  to  and  near  the  western  coast,  and 
after  a  long  course  discharging  into  the  Bay  of  Bengal  on  the  east  coast.  Against 
the  Ghats  beats  the  whole  fury  of  the  tropical  S.W.  moosoon,  and  these  rivers 
for  a  few  months  are  in  high  flood.  As  they  approach  the  sea  they  spread 
out  in  the  usual  delt-aic  form.  Dams  have  been  built  across  the  apex  of  these 
deltas,  from  which  canals  have  been  drawn,  and  the  flood  waters  are  easily 
diverted  over  the  fields,  raising  a  rice  crop  of  untold  value  in  a  land  where 
drought  and  famine  are  too  common.  But  for  the  other  months  of  the  year  these 
rivers  contain  very  little  water,  and  there  is  now^a  proposition  for  supplementing 
them  with  very  laree  reservoirs. 

A  very  bold  and  successful  piece  of  irrigation  engineering  was  carried  out  a 
few  years  ago  in  South  India,  which  deserves  notice.  A  river  named  the  Periyar 
took  its  rise  in  the  Ghats,  and  descended  to  the  sea  on  the  west  coast,  where 
there  was  no  means  of  utilising  the  water,  and  a  good  deal  of  money  had  periodi- 
cally to  be  spent  in  controllmg  its  furious  floods.  A  dam  has  now  been  built 
across  its  course,  and  a  tunnel  has  been  made  through  the  mountains,  enabling  the 
reservoir  to  be  discharged  into  a  system  of  canals  to  the  east,  where  there  is  a  vast, 
plain  much  in  need  of  water. 

In  the  native  State  of  Mysore,  in  Southern  India,  there  are  on  the  register  about 
40,000  irrigation  reservoirs  (or  tanks,  as  they  are  called),  or  about  three  to  every 
four  square  miles,  and  the  nature  of  the  country  is  such  that  hundreds  may  be 
found  m  the  basin  of  one  river— small  tanks  in  the  upper  branches  and  lai^^er  ones 
in  the  lower,  as  the  valley  widens  out,  and  these  require  constant  watchful  atten- 
tion. From  time  to  time  tropical  rainstorms  sweep  over  the  country.  If  then  even 
a  small  tank  has  been  neglected,  and  rats  and  porcupines  have  been  allowed  to 
burrow  in  the  dam,  the  flood  may  burst  through  it,  and  sweep  on  and  over  the  dam 
of  the  next  village,  lower  down.  One  dam  may  then  burst  after  another,  like  a 
pack  of  cards,  and  terrible  loss  occurs. 

In  this  State  of  Mysore  a  very  remarkable  irrigation  reservoir  is  now  under  con- 
struction at  a  place  called  Mari  &anave.  Nature  seems  here  to  have  formed  an  ideal 
site  for  a  reservoir,  so  that  it  is  almost  irresistible  (of  the  engineer  toJJdo«hisJpart, 
even  although  irrigation  is  nojb  so  badl^  wanted  here  as  elsewhere.  Tne  compara- 
tively narrow  neck  of  a  valley  containing  2,076  square  miles  is^being  closed  by  a 
masonry  dam  142  feet  high.  The  reservoir  thus  formed  will  contain  30,000 
million  cubic  feet  of  water,  out  it  is  not  considered  that  it  will  fill  more  than  once 
in  thirty  years.  Nor  is  there  irrigable  land  requiring  so  great  a  volume  of  water. 
Much  less  would  be  suflicient,  so  such  a  high  dam  is  not  needed ;  but  the  construc- 
tion of  a  waste  weir  to  prevent  the  submergence  of  a  lower  dam  would  require  such 
heavy  excavation  through  one  of  the  limiting  hills  that  it  is  ch^per  to  raise  the  dam 
and  utilise  a  natural  hollow  in  the  hillside  ifbr  a  waste  weir. 

Irrigation  in^JUgypt. 

No  lecture  on  irrigation  would-be  complete  without  describing '  what  has 
been  done  in  E^mt  You  are|f|;eneraUy  familiar  with  the  shape  of  that  famous 
little  country.  Egypt  proper  extends  northwards  from  a  point  in  the  Nile 
aJbout  780  milea  above  Oairo — a  long  valley,  never  eight  miles  vride,  sometimes 
not  half  a  mile.  East  and  west  of  thiii  lies  a  country  broken  into  hiUs  and  valleys, 
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wild  crags,  level  etretches,  but  eyerywhere  abeolutel^  sterile,  dry  sand  and  rock, 
at  such  a  level  that  the  Nile  flood  has  never  reached  it  to  cover  its  nakedness  with 
fertile  deposit.  A  few  miles  north  of  Cairo  the  river  bifurcates,  and  its  two 
branches  now  each  for  about  lt30  miles  to  the  sea.  As  you  are  probibly  aware, 
with  rivers  in  a  deltaic  state  the  tendency  is  for  the  slope  of  the  country  to  be 
away  from  the  river,  and  not  towards  it.  In  the  Nile  Valley  the  river  banks  are 
higlier  than  the  more  distant  lands.  From  an  early  period  embankments  were 
formed  along  each  side  of  the  river,  high  enough  not  to  be  topped  by  the  highest 
flood.  At  right  angles  to  these  river  embankments  others  were  constructed , 
dividing  the  whole  valley  into  a  series  of  oblongs,  surrounded  on  three  sides  by 
embankments,  on  the  fourth  by  the  desert  heights.  These  oblong  areas  vary  from 
about  60,000  to  3,000  acres.  I  have  said  the  slope  of  the  valley  is  away  from  the 
river.  It  is  easy,  then,  when  the  Nile  is  low,  to  cut  short  deep  canals  in  the  river 
banks,  which  fill  as  the  river  rises  and  carry  the  precious  mud-charged  water  into 
these  great  flats.  There  the  water  remains  for  a  month  or  more,  some  three  or 
four  feet  deep,  depositing  its  mud,  and  then  at  the  end  of  the  flood  it  may  either 
be  run  off  direct  into  the  receding  river,  or  cuts  maybe  made  in  the  cross  embank- 
ments and  the  water  passed  off  one  flat  after  another,  and  flnally  rejoin  the  river. 
This  takes  place  in  November,  when  the  river  is  ranidly  falling.  Whenever  the 
flats  are  firm  enough  to  allow  a  man  to  walk  over  them  with  a  pair  of  bullocks, 
the  mud  is  roughly  turned  over  with  a  wooden  plough,  or  even  the  branch  of  a 
tree,  and  wheat  or  barle^r  is  immediately  sown.  So  soaked  is  the  soil  after  the 
flood  that  the  seed  germinates,  sprouts,  and  ripens  in  April  without  a  drop  of  rain 
or  any  more  irrigation,  except  what,  perhaps,  the  owner  may  give  from  a  shallow 
well  dug  in  the  field.  In  this  manner  was  Egypt  irrigated  up  to  about  a  century 
ago.  The  high  river-banks  which  the  flood  could  not  cover  were  irrigated  directly 
from  the  river,  the  water  being  raised  as  I  have  already  described. 

The  Barrage, 

With  the  last  century,  however,  appeared  a  very  striking  figure  in  Egyptian 
history,  Muhammed  Ali  Pasha,  who  came  from  Turkey  a  plain  captain  of  infantry, 
and  before  many  years  had  made  himself  master  of  the  country,  yielding  only  a 
very  nominal  respect  to  his  suzerain  lord,  the  Sult^tn,  at  Constantinople. 

Muhammed  Ali  soon  recognised  that  with  this  flood  system  of  irrigation  only 
one  cereal  crop  was  raised  in  the  year,  while  with  such  a  climate  and  such  a 
soil,  with  a  teeming  population  and  with  the  markets  of  Europe  so  near,  something 
far  more  valuable  might  be  raised.  Cotton  and  sugar-cane  would  fetch  far  higher 
prices ;  but  they  could  only  be  grown  at  a  season  when  the  Nile  is  low,  and  they 
must  be  watered  at  all  seasons.  The  water-surface  at  low  Nile  is  about  26  feet 
below  the  flood-surface,  or  more  than  20  feet  below  the  level  of  the  country.  A 
canal,  then,  running  12  feet  deep  in  the  flood  would  have  its  bed  13  feet  above  the 
low-water  surface.  Muhammed  Ali  ordered  the  canals  in  Lower  Egypt  to  be 
deepened ;  but  this  was  an  enormous  labour,  and  as  they  were  badly  laid  out  and 
graded  they  became  full  of  mud  during  the  flood  and  required  to  be  aug  out  afresh. 
Muhammed  Ali  was  then  advised  to  raise  the  water^surface  by  erectinjr  a  dam  (or, 
as  the  French  called  it,  a  barrage)  across  the  apex  of  the  delta,  twelve  miles  north  of 
Cairo,  and  the  result  was  a  ve^  costly  and  imposing  work,  which  it  took  long 
years  and  untold  wealth  to  construct,  and  whicli  was  no  sooner  finished  than  it 
was  c  >ndemned  as  useless. 

Egyptian  Irrigation  since  the  English  Occupation. 

With  the  English  occupation  in  1883  came  some  English  engineers  from  India, 
who,  supported  by  the  strong  arm  of  Lord  Cromer,  soon  changed  the  situation. 
The  first  object  of  their  attention  was  the  barrage  at  the  head  of  the  delta,  which 
was  made  thoroughly  sound  in  six  years  and  capable  of  holding  up  16  feet  of 
water.  Three  mat  canals  were  taken  from  above  it,  from  whi^  a  network  of 
branches  are  taken,  irrigating  the  province  to  the  left  of  the  western^  or  Rosetta 
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branch  of  the  riyer,  the  two  provinces  between  the  branches,  and  the  two  to  the 
right  of  the  eastern,  or  Damietta  branch. 

In  Upper  Egypt,  with  one  very  important  exception  (the  Ibrahimieh  Canal,  which 
is  a  perennial  one),  the  early  flood  s^stdm  of  irrigation,  yielding  one  crop  a  }[ear, 
prevailed  until  very  recently,  but  it  was  immensely  improved  after  the  British 
occupation  by  the  addition  of  a  great  number  of  masonry  head  sluices,  aaueducts, 
escape  weirs,  &c.,  on  which  some  800,000/.  was  spent.  With  the  completion  of 
these  works,  and  of  a  complete  system  of  drainage,  to  be  alluded  to  further  on, 
it  may  be  considered  that  the  irrigation  system  of  Ii<gypt  was  put  on  a  very  satis- 
factory basis.  There  was  not  much  more  left  to  do,  unless  the  volume  of  water  at 
disposal  could  be  increased. 

Probably  no  large  river  in  the  world  is  so  regular  as  the  Nile  in  its  periods  of 
low  supply  and  of  flood.  It  rises  steadily  in  June,  July,  and  August.  Then  it 
begins  to  go  down,  at  first  rapidly,  then  slowly,  till  the  following  June.  It  is 
never  a  month  before  its  time,  never  a  month  behind.  It  is  8.ubject  to  no  excep- 
tional floods  from  June  to  June.  Where  it  enters  Eg^pt  the  diflerence  between 
maximum  and  minimum  Nile  is  about  26  feet.  If  it  rises  3^  feet  higher  the 
country  is  in  danger  of  serious  flooding.  If  it«  rise  is  6  feet  short  of  the  average 
there  existed  in  former  days  a  great  risk  that  the  floods  would  never  cover  the 
great  flats  of  Upper  Egypt,  and  thus  the  ground  would  remain  as  hard  as  stone, 
and  sowing  in  Noveml^r  would  be  impossible.  Fortunately  the  good  work  of  the 
last  twenty  years  Tery  much  diminishes  this  danger. 

The  Asauan  Dam  and  Reservoir. 

In  average  years  the  volume  of  water  flowing  past  Cairo  in  September  is  from 
Ihirty-five  to  forty  times  the  volume  in  June.  Far  the  greater  part  of  this  flood 
flows  out  to  the  sea  useless.  How  to  catch  and  store  this  supply  for  use  the 
following  May  and  June  was  a  problem  early  pressed  on  the  English  engineers  in 

During  the  time  of  the  highest  flood  the  Nile  carries  along  with  it  an  im- 
mense amount  of  alluvial  matter,  and  when  it  was  first  proposed  to  store  the 
flood-water  the  danger  seemed  to  be  that  the  reservoir  would  in  a  few  years  be 
filled  with  deposit,  as  those  I  have  described  in  India.  Fortunately  it  was  found 
that  after  November  the  water  was  fairly  clear,  and  that  if  a  commencement  were 
made  even  as  late  as  that  there  would  still  be  water  enough  capable  of  being  stored 
to  do  enormous  benefit  to  the  irrigation. 

A  site  for  a  great  dam  was  discovered  at  Assuan,  600  miles  south  of  Cairo, 
where  a  dyke  of  granite  rock  crosses  the  valley  of  the  river,  occasioning  what  is 
known  as  the  First  Cataract.  On  this  ridge  of  granite  a  stupendous  work  has  now 
been  created.  A  great  wall  of  granite  6,400  feet  long  has  been  thrown  across  the 
valley,  23  feet  thick  at  the  crest,  82  feet  at  the  base.  Its  height  above  the  rock- 
bed  of  the  river  is  ISO  feet.  This  great  wall  or  dam  holds  up  a  depth  of  66  feet 
of  water,  which  forms  a  lake  of  more  than  100  miles  in  length  up  the  Nile  Valley, 
containing  38,000  million  cubic  feet  of  water. 

The  dam  is  pierced  with  180  sluices,  or  openings,  through  which  the  whole 
Nile  flood,  about  360,000  cubic  feet  per  second,  is  discharged.  A  flight  of  four 
locks,  each  260  x  30  feet,  allows  of  free  navigation  past  the  dam.  The  foundation- 
stone  of  this  great  work  was  laid  in  February  1899,  and  it  was  completed  in  le£8 
than  four  years.  At  the  same  time  a  very  important  dam  of  the  pattern  of  the 
barrage  north  of  Cairo  was  built  across  the  Nile  at  Assiut,  just  below  the  head  of 
the  Ibrahimieh  Canal,  not  with  the  object  of  storing  water,  but  to  enable  a  requi- 
site supply  at  all  times  to  be  sent  down  that  canal. 

The  chief  use  of  the  great  Assuan  reservoir  is  to  enable  perennial  irrigation,  such 
as  exists  in  Lower  Egypt,  to  be  substituted  in  Upper  Egypt  for  the  basin  system 
of  watering  the  land  only  through  the  Nile  flood ;  that  is,  to  enable  two  crops  to 
be  grown  instead  of  one  every  year,  and  to  enable  cotton  and  sugar-cane  to  take 
the  place  of  wheat  and  barley.  But  a  great  deal  more  had  to  be  done  in  order  to 
obtain  the  full  beneficial  result  of  the  work.    About  450,000  acres  of  basin  irriga- 
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tion  are  now  being  adapted  for  perennial  irrigation.  Many  new  eauals  have  Lad 
to  be  dug,  others  to  be  deepened.  Many  new  masonry  works  have  had  to  be  built. 
It  is  probable  the  works  will  be  finished  in  1908.  There  will  then  have  been  spent 
on  the  great  dam  at  Assuan,  the  minor  one  at  Assiut,  and  the  new  canals  of  distribu- 
tion in  Upper  Egypt  about  six  and  a  half  millions  sterling.  For  this  sum  the 
increase  of  land  rental  will  be  about  2,637,000/.|  and  its  sale  value  will  be  in- 
creased by  about  26,670,000/. 

Drainage. 

In  the  great  irrigation  systems  which  I  have  been  describing  for  a  long  time 
little  or  no  attention  was  psdd  to  drainage.  It  was  taken  for  granted  that  the 
water  would  be  absorbed,  or  evaporated,  and  get  away  somehow  without  doing  any 
harm.  This  may  hold  good  for  high-lying  lands,  but  alongside  of  these  are  low- 
lying  lands,  into  which  the  irrigation  water  from  above  will  percolate  and  produce 
waterlogging  and  marsh.  Along  with  the  irrigation  channel  should  oe  con- 
structed the  drainage  channel,  and  Sir  W.  W^illcocks,  than  whom  there  is  no  better 
authority  on  this  subject,  recommends  that  the  capacity  of  the  drain  should  be 
one-third  that  of  the  canal.  The  two  should  be  kept  carefully  apart — the  canal 
following  the  ridges,  the  drain  following  the  hollows  of  the  country,  and  one  in  no 
case  obstructing  the  other.  This  sul^ect  of  drainage  early  occupied  the  attention 
of  the  English  engineers  in  Egypt.  In  the  last  twenty  years  many  hundred  miles 
of  drains  have  been  excavated,  some  as  large  as  50  feet  width  of  bed  and  10  feet 
deep. 

Irrigation  in  America. 

If  it  is  to  Italy  that  we  should  look  for  highly  finished  irrigation  works  and 
careful  water  distribution,  and  to  India  and  Egvpt  for  widespreading  tracts  of 
watered  land,  it  is  to  America  that  we  naturally  look  for  rapid  progress  and  bold 
engineering.  In  the  Western  States  of  America  there  is  a  rainfall  of  less  than  20 
inches  per  annum,  the  consequence  of  which  is  a  very  i-apid  development  of  irriga- 
tion works.  In  1889  the  irrigation  of  these  Western  States  amounted  to  3,564,41t) 
acres.  In  1900  it  amounted  to  7,539,545  acres.  Now  it  is  at  least  10,000,000 
acres.  The  land  in  these  States  sells  from  \0s,  to  17.  per  acre  if  unirrigated.  With 
irrigation  the  same  land  fetches  8/.  10^.  per  acre.  The  works  are  often  rude  and 
of  a  temporary  nature,  the  extensive  use  of  timber  striking  a  foreigner  from  the 
Old  World.  Some  of  the  American  canals  are  on  a  large  scale.  The  Idaho  Com- 
pany's canal  discharges  2,585  cubic  feet,  the  Turlook  Canal  in  California  1,500 
cubic  feet,  and  the  North  Colorado  Canal  2,400  cubic  feet  per  second.  These  canals 
have  all  been  constructed  by  corporations  or  societies,  in  no  case  by  Government. 
On  an  average  it  has  cost  about  32«.  per  acre  to  bring  the  water  on  to  the  land, 
and  a  water-rate  is  charged  of  from  21.  8«.  to  4/.  per  acre,  the  farmer  paying  in 
addition  a  rate  of  from  2«.  to  \0s,  per  acre  annually  for  maintenance.  Distri- 
butary channels  of  less  than  5  feet  wide  cost  less  than  100/.,  up  to  10  feet  wide 
about  150/.  per  mile. 

The  Introduction  of  Irrigation  into  a  Country, 

It  is  evident  that  there  are  many  serious  considerations  to  be  taken  into 
account  before  entering  on  any  large  project  for  irrigation.  Statistics  must  be 
carefully  collected  of  rainfall,  of  the  sources  of  water  supply  available,  and  of  the 
amount  of  that  rainfall  which  it  is  possible  to  store  and  utilise.  The  water  should 
be  analysed  if  there  is  any  danger  of  its  being  brackish.  Its  temperature  should 
be  ascertAiued.  It  should  be  considered  what  will  be  the  eflect  of  pouring  water 
on  the  soil,  for  it  is  not  always  an  unmixed  benefit.  A  dry  climate  may  bo 
changed  into  a  moist,  and  fever  and  affue  may  follow.  In  India  there  are  large 
tracts  of  heavy  black  soil,  which  with  the  ordinary  rainfall  produce  excellent 
crops  uine  years  out  of  ten,  and  where  irrigation  would  rather  do  harm  than  good. 
But  in  the  tenth  year  the  rains  fail,  and  without  artificial  irrigation  the  soil  will 
yield  nothing.     So  terrible  may  be  the  misery  caused  by  that  tenth  year  of 
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drought  that  even  then  it  might  pay  a  GoTernment  to  enter  on  a  scheme  of 
irrigation.    But  it  ia  evident  that  it  might  not  pay  a  joint-stock  company. 

In  all  cases  it  is  of  the  first  importance  to  establish  by  law  the  principle  that  all 
rivers  or  streams  above  a  certain  size  are  national  nroperty,  to  be  utilised  for  the 
^ood  of  the  nation.  Even  where  there  is  no  immediate  intention  of  constructing 
irrigation  works  it  is  well  to  establish  this  principle.  Otherwise  vested  rights 
may  be  allowed  to  spring  up,  which  it  may  be  necessary  in  after  years  to  buy 
out  at  a  heavy  cost. 

Modes  of  Distributing  and  Assessing  Water, 

Where  the  river  is  too  inconsiderable  to  be  proclaimed  as  national  pronertyi 
and  where  there  is  no  question  of  spreading  the  water  broadcast  over  the  tana,  but 
of  bestowing  it  with  minute  accuracy  over  small  areas  to  rear  valuable  plants, 
such  as  fruit-trees,  it  may  be  ve^  well  left  to  local  societies  or  to  syndicates  of 
farmers  to  manage  their  own  anairs.  Where  irrigation  is  on  a  larger  scale,  and 
its  administration  is  a  matter  of  national  importance,  the  control  of  the  water 
requires  the  closest  consideration,  especially  if,  as  is  usually  the  case,  the  area 
which  may  be  irrigated  exceeds  the  volume  of  water  available  to  irrigate  it,  and 
where  the  water  is  delivered  to  the  fields  b;^  gravitation  without  the  labour  of 
raising  it.  It  must  be  decided  on  what  principle  the  farmer's  right  to  the  water 
is  to  M  determined.  Is  he  to  obtain  water  in  proportion  to  the  area  of  his  land 
which  is  irrigable  ?  If  part  of  the  irrigable  land  is  not  yet  cultivated,  is  some  of 
ihe  supply  to  be  reserved  for  such  land  P  Is  he  to  pay  in  proportion  to  the  area 
actually  watered  each  crop,  or  to  the  area  which  he  might  water  if  he  chose  F 
Where  the  slope  of  the  land  is  sufficient  to  allow  the  water  to  flow  freely  out  of 
sluice  into  the  field  channel,  it  is  not  difficult  to  measure  the  water  discharged. 
Modules  have  been  invented  for  this  purpose,  and  the  owner  of  the  field  may  be 
i-equired  to  pay  for  so  many  cubic  feet  of  water  delivered.  The  Government  or 
the  association  owning  the  canal  will  then  have  nothing  to  do  with  the  way  in  which 
the  water  is  employed,  and  self-interest  will  force  the  farmer  to  exercise  economy 
in  flooding  his  land.  But  even  then  precautions  must  be  taken  to  prevent  him 
from  keeping  his  sluice  open  when  it  should  be  shut. 

In  Italy  and  in  America  water  is  generally  charged  by  the  module ;  but  in 
many  cases,  where  the  country  is  verv  flat,  the  water  cannot  fall  with  a  free  drop 
out  of  the  sluice,  and,  as  far  as  I  know,  no  satisfactory  module  has  yet  been 
invented  for  delivering  a  constant  discharge  through  a  sluice  when  the  head  of 
water  in  the  channel  of  supply  is  subject  to  variation.  These  are  the  conditions 
prevailing  in  the  plains  of  Northern  India,  where  there  is  a  yearly  area  of  canal 
irrigation  of  about  six  millions  of  acres.  The  cultivator  pays  not  in  proportion 
to  the  volume  of  water  he  uses,  but  on  the  area  he  waters  every  crop,  the  rate 
being  higher  or  lower  according  as  the  nature  of  the  crop  demands  more  or  less 
water. 

The  procedure  of  charging  for  water  is,  then,  as  follows :  When  the  crop  is 
nearly  ripe  the  canal  watchman,  with  the  village  accountant  and  the  farmers 
interested,  go  over  the  fields  with  a  Qovemmeut  official.  The  watchman  points 
out  a  field  which  he  says  has  been  watered.  The  accountant,  who  has  a  map 
and  field-book  of  the  village,  states  the  number  and  the  area  of  the  field  and  its 
cultivator.  These  sre  recorded  along  with  the  nature  of  the  crop  watered.  If 
the  cultivator  denies  that  he  has  received  water,  evidence  is  heard  and  the  case  is 
settled.  A  bill  is  then  made  out  for  each  cultivator,  and  the  amount  is  recovered 
with  the  taxes. 

This  system  is  perfectly  understood,  and  works  fairly  well  in  practice.  But 
it  is  not  a  satisfactory  one.  It  holds  out  no  inducement  to  the  cultivator  to 
economise  water,  and  it  leaves  the  door  open  to  a  great  deal  of  corruption  among 
the  canal  watchmen  and  the  subordinate  revenue  officials. 

Government  Control  of  Water  Supply. 

Where  the  subject  agricultural  population  is  unfitted  for  representative 
government  it  is  best  that  the  Government  should  construct  and  manage  the> 
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irrigation,  on  rules  carefully  con^dered  and  rigorously  enforced,  through  the  agency 
of  officers  aheolntely  above  suspicion  of  corruption  or  unfair  dealing.  Such  is 
the  condition  in  Egypt  and  in  the  British  possessions  in  India.  Objections  to  it 
are  evident  enough.  Officials  are  apt  to  be  formal  and  inelastic,  and  they  are 
often  far  removed  from  any  close  touch  with  the  cultivating  classes.  But  they 
are  impartial  and  just,  and  I  know  of  no  other  system  that  has  not  still  greater 
defects. 

Even  if  the  agricultural  classes  in  India  were  much  better  educated  than  they 
are,  it  would  still  be  best  that  liie  control  of  the  irrigation  should  rest  with  the 
Government.  By  common  consent  it  is  the  Government  alone  that  rules  the 
army.  Now  the  irrigation  works  form  a  great  army,  of  which  the  first  duty  is  to 
fight  the  grim  demon  of  famine.  Their  control  ought,  therefore,  to  rest  with  the 
Government ;  but  the  conditions  are  very  difierent  when  the  agricultural  classes  are 
well  educated  and  well  fitted  to  manage  their  own  affairs. 

Irrigation  is  too  new  and  experimental  in  America  for  us  to  look  there  for 
a  well-devised  scheme  of  water  control.  The  laws  and  rules  on  the  subject  vary 
in  different  States,  and  are  often  contradictory.  It  is  better  to  look  at  the  system 
evolved  after  long  years  in  North  Italy. 

The  Italian  System. 

I  have  already  alluded  to  the  great  Cavour  Oanal  in  Piedmont.  This  fine 
work  was  constructed  by  a  syndicate  of  English  and  French  capitaliFts,  to  whom 
the  Government  gave  a  concession  in  1862.  Circumstances  to  which  I  need  not 
allude  ruined  thb  company,  aud  the  Government,  who  already  had  acquired  pos- 
session of  many  other  irrigation  works  in  Piedmont,  took  over  the  whole  Cavour 
Canal  in  1874,  a  property  valued  at  above  four  millions  sterling,  and  ever  since  the 
Government  has  administered  it. 

The  chief  interest  of  this  administration  centres  in  the  Irrigation  Association 
West  of  the  Sesia,^  an  association  that  owes  its  existence  to  the  great  Count 
Cavour.  It  takes  over  from  the  Government  the  control  of  all  the  irrigation 
efiected  by  the  Cavour  and  other  minor  canals  within  a  ^reat  triangle  lying 
between  the  left  bank  of  the  Po  and  the  right  bank  of  the  Sesia.  The  association 
purchases  from  the  Government  from  1,260  to  1,300  cubi(;  feet  per  second.  In 
addition  to  this  it  has  the  control  of  all  the  water  belonging  to  private  canals  and 
private  rights,  which  it  purchases  at  a  fixed  rate.  Altogether  it  distributes  about 
2,275  cubic  feet  per  second,  and  irrigates  therewith  about  141,000  acres,  of  which 
rice  is  the  most  important  crop.  The  assoisiation  has  14,000  members,  and  con- 
trols 9,600  miles  of^distrlbutary  channels.  In  each  parish  is  a  council,  or,  as  it  is 
called,  a  conaorno,  composed  of  all  landowners  who  take  water.  Each  coftgorsio 
elects  one  or  two  deputies,  who  form  a  sort  of  water  Parliament.  The  deputies 
are  elected  for  three  years,  and  receive  no  salary.  The  assembly  of  deputies 
elects  three  committees— the  direction-general,  the  committee  of  surveillance,  and 
the  council  of  arbitration.  The  first  of  these  committees  has  to  direct  the  whole 
distribution  of  the  waters,  to  see  to  the  conduct  of  the  emvloi/6sj  &c.  The  com- 
mittee of  surveillance  has  to  see  that  the  direction-general  does  its  duty.  The 
council  of  arbitration,  which  consists  of  three  members,  has  most  important 
duties.  To  it  may  be  referred  every  question  connected  with  water-rates,  all  dis- 
putes between  members  of  the  association  or  between  the  association  and  its 
servants,  all  cases  of  breaches  of  rule  or  of  discipline.  It  may  punish  by  fines  any 
member  of  the  association  found  at  fault,  and  tne  sentences  it  imposes  are  recog- 
nised as  obligatory,  and  the  offender's  property  may  be  sold  up  to  carry  them 
into  effect.  An  appeal  may  be  made  within  fifteen  days  from  the  decittons 
of  this  council  of  aroitration  to  the  ordinary  law  courts,  but  so  popular  is  the 
council  that,  as  a  matter  of  fact^  such  appeals  are  never  made. 

To  effect  the  distribution  of  the  water  the  area  irrigated  is  divided  into 
districts,  in  each  of  which  there  b  an  overseer  in  charge  and  a  staff  of  guards  to  see 
to  the  opening  and  closing  of  the  modules  which  deliver  the  water  into  the  minor 

*  See  Mr.  Elwood  Mead's  Report  on  Irrigation  in  Northern  Italy,  printed  for  the 
Department  of  Agriculture,  Washington,  1904.  Digitized  by 
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watercourseB.  In  the  November  of  each  year  each  parish  sends  in  to  the  direction- 
general  an  indent  of  the  number  of  acres  of  each  description  of  crop  proposed  to 
be  watered  in  the  following  jear.  If  the  water  is  available  the  direction-general 
allots  to  each  parish  the  number  of  modules  necessary  for  this  irrigation ;  but  it 
may  quite  well  happen  that  the  parish  may  demand  more  than  can  be  supplied, 
and  may  have  to  euostitute  a  crop  like  wheat,  requiring  little  water,  for  rice, 
which  requires  a  great  deal. 

The  Government  executes  and  pays  for  ail  repairs  on  the  main  canals.  It  further 
executes,  at  the  cost  of  the  Irrigation  Association,  all  repairs  on  the  minor 
canals.  The  association,  then,  has  no  engineers  in  its  employ,  but  a  large  staff  of 
irrigators.  The  irrigation  module  employed  in  Piedmont  is  supposed  to  deliver 
2*047  cubic  feet  per  second.  The  Association  West  of  the  Sesia  buys  from  the 
Government  what  water  it  requires  at  a  rate  fixed  at  800  liras  per  module,  or 
15/.  12s.  7d.  per  cubic  foot  per  second  per  annum. 

The  association  distributes  the  water  by  module  to  each  district,  and  the 
district  by  module  to  each  parish.  Inside  the  parish  each  farmer  pays,  according 
to  the  area  he  waters,  a  sum  to  cover  all  the  cost  of  the  maintenance  of  the  irriga- 
tion system,  and  his  share  of  the  sum  whicli  the  association  has  to  pay  to  the 
Government.  This  sum  varies  from  year  to  year  according  as  the  working 
expenses  of  the  year  increase  or  diminish. 

I  have  already  mentioned  the  recently  constructed  Villoresi  Canal  in  Lom- 
bardy.  This  canal  belongs  to  a  company,  to  whom  the  Government  has  given 
large  concessions.  This  company  sells  its  water  wholesale  to  four  districts,  each 
having  its  own  secondary  canal,  the  cubic  mdtreper  second,  or  36*31  cubic  feet  per 
second,  being  the  unit  employed.  These  districts,  again,  retail  the  water  to  groups 
of  farmers  termed  comizios,  whose  lands  are  watered  by  the  same  distributary 
channels,  their  unit  being  the  litre,  or  *035  cubic  foot  per  second.  Within  the 
comizio  the  farmer  pays  according  to  the  number  of  hours  per  week  that  he  has  had 
the  full  discharge  of  the  module. 

I  have  thought  it  worth  while  to  describe  at  some  length  the  systems 
employed  on  these  Italian  canals,  for  the  Italian  farmers  set  a  very  high  example, 
in  the  loyal  way  in  which  they  submit  to  regulations  which  there  must  at  times 
be  a  great  temptation  to  break.  A  sluice  surreptitiously  opened  during  a  dark  night, 
and  allowed  to  run  for  six  hours,  may  quite  possiblj  double  the  value  of  the  crop 
which  it  waters.  It  is  not  an  easy  matter  to  distribute  water  fairly  and  justly 
between  a  number  of  farms  at  different  levels,  dependent  on  different  watercourses, 
cultivating  different  crops.  But  in  Piedmont  this  is  done  with  such  success  that 
an  appeal  from  the  council  of  arbitration  to  the  ordinarv  law  courts  is  unheard 
of.  It  is  thought  apparently  as  discreditable  to  appropriate  an  unfair  supply  of 
water  as  to  steal  a  neighbour's  horse,  as  discreditable  to  tamper  with  the  lock  of 
the  water  module  as  with  the  lock  of  a  neighbour's  bam. 

Mr.  Schuyler's  Views  as  to  Government  Control, 

Where  such  a  high  spirit  of  honour  prevails  I  do  not  see  why  syndicates  of 
farmers  should  not  construct  and  maintain  a  good  system  of  irrigation.  Neverthe- 
less, I  believe  it  is  better  that  Government  should  take  the  iuitiative  in  laying  out 
and  constructing  the  canals  and  secondary  channels  at  least.  A  recent  American 
author,  Mr.  James  Dix  Schuyler,  has  put  on  record :  *  TUiat  storage  reservoirs  are 
a  necessary  and  indispensable  adjunct  to  irrigation  development,  as  well  as  to  the 
utilisation  of  power,  requires  no  argument  to  prove.  That  they  will  become  more 
and  more  necessary  to  our  Western  civilisation  is  equally  sure  and  certain ;  but  the 
signs  of  the  times  seem  to  point  to  the  inevitable  necessity  of  Governmental  control 
in  their  construction,  ownership,  and  administration/ 

This  opinion  should  not  be  disregarded.  Sir  W.  Willcocks  has  truly  remarked : 
'  If  private  enterprise  cannot  succeea  in  irrigation  works  of  magnitude  in  America, 
it  will  surely  not  succeed  in  any  other  country  in  this  world.*  What  its  chances 
may  be  in  South  Africa  I  leave  to  my  hearers  to  say.  It  is  not  a  subject  on  which 
a  stranger  can  form  an  opinion.  '  r^  ^^^J^ 
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CAPE   TOWN. 

WEDNESDAY,  AUGUST  16. 
The  following  Papers  were  read : — 

1.  Cape  Toum  Colonial  Dutch  Architecture.    By  C.  H.  Smith. 
Arcbitecture  at  the  Cape  of  Good  Hope  from  1662  to  18C0 — The  earliest  Cap 


Po8t  Office^  Post  Office  stones,  &c. — First  building  at  the  Cape,  Van  Itiebeek*8 
Fort — Present  Castle:   its  constioictions  and  details— Plan  and  yiews — Castle 

Siteway — Interior  of  Castle — Entrance  to  Council  Chamber — Old   building  on 
astle  outworks,  now  demolished. 
The  works  of  Simon  Van  Der  Stel  at  Constantia — Plan  of  house  and  descrip- 
tion— Wine -house     Constantia    and    sculptured    pediment — The    work    of   the 
sculptor  Anzigt  at  the  Cape :  Pulpits,  Dutch  Reformed  and  Lutheran  Churches. 

l)evelopments  under  Willum  Adrian  Van  Der  Stel — Old  church,  Cape  Town — 
Plan  of  typical  peninsular  town  house,  Cape  farm-houses — ^The  progress  of 
Stellenbosch — The  conspiracy  against  the  Van  Der  Stels  and  their  fall — ^Illustration 
of  .the  Governor  Willum  Van  Der  Stefs  house  and  estate  as  shown  in  the  accu- 
sation— Illustration  of  the  Governor  Willum  Van  Der  StePs  house  and  estate  as 
shown  in  his  defence. 

2.  Steam  Turbines  ae  applied  to  Ocean  Liners, 
By  Professor  J.  Harvard  Biles,  LL.D. 


THUnSDAT,  AUGUST  17. 
The  following  Papers  were  read  :— 

1.  Roller-hearings,     By  Thomas  W.  How,  RR.O.S. 

The  present  divergence  of  opinion  as  to  the  practical  application  of  roller-bear- 
ings to  movable  and  fixed  machinery  is  attributed  to  their  limited  application 
and  consequent  trials,  to  the  expense  of  re-fitting  existing  plant,  and  to  the  diffi- 
culty of  obtaining  comprehensive  data  of  economies  effected. 

The  requirements  of  a  satisfiictory  roller-bearing  are  that  the  various  parts 
must  be  proportioned  with  reference  to  their  relative  movements,  and  constructed 
of  materials  suitable  to  withstand  the  stresses  imposed  upon  them.  For  heavy 
loads  the  author  recommends  high -class  finish  and  hardened  steel,  but  for  light 
loads  milder  steel  of  good  quality,  with  due  regard  to  load  in  each  case.    . 

The  efficiency  of  PoUer-bearings  largely  depends  upon  true  parallelism,  proper 
spacing  of  rollers,  and  proportionate  diameter,  length,  and  hardness  of  the  rollers, 
in  order  to  withstand  fatigue. 

Of  the  yarious  contrivances  for  spacing  the  rollers  the  autbor  regards  the 
'  Empire'  floating  ca^e  as  the  most  satisfactory,  owing  to  its  simplicity  of  con- 
struction and  easy  adjustment. 

Solid  rollers  are  advocated  rather  than  spiral,  hollow,  or  rollers  threaded  on 
spindles.  Provision  for  end-thrust  or  lateral  movement  of  a  roller-bearing  is 
necessary,  and  several  methods  are  described. 

The  author,  whilst  contending  that  roller-bearings  should  be  produced  at 
reasonable  cost,  regards  first  cost  as  secondary  to  ultimate  economy  in  motive 
power,  measured  by  savings  in  coal  or  electrical  current  per  annum,  and  lubrication. 

Recent  tests  on  line  shafting  electrically  driven  fitted  with  roller-bearings 
effected  a  saving  of  24*4  per  cent,  of  the  power  required  to  run  the  motor  and 
counter-shaft  with  machines  in  full  work. 

Earlier  unsuccessful  experiments  made  with  roller-bearings  are  attributed 
to  causes  now  well  understood  and  avoided,   such  as  excessive  rigidity  and 
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improper  load  adjustment,  which  are  now  obviated  by  means  of  swivel  seatings 
80  that  the  load  is  evenly  distributed. 

Examples  are  given  of  roller-bearings  successfully  applied  to  the  axles  of 
coal- weighing  shoots,  each  bearing  supporting  a  load  of  five  tons  on  eight  rollers  on 
mild-steel  a^des,  where  the  total  tractive  resistance  was  reduced  to  3  lbs.  per  ton 
of  load. 

^  In  tramway  and  railway  vehicles  a  series  of  tests  has  also  proved  the  starting 
effort  to  be  3  lbs.  per  ton  of  load,  giving  a  coefficient  of  friction  of  0*0013,  including 
wlieel  friction  upon  straight  level  rails.  This  reduction  effected  a  saving  in 
electrical  energy  equal  to  So  per  cent  of  journal  friction,  equivalent  to  ^d,  per  car 
mile,  or  60^  per  car  per  annum. 

On  the  Birmingham  electric  tramways  a  saving  of  24*30  per  cent,  of  tractive 
force  per  ton  of  load  was  obtained,  and  a  saving  of  1*035  unit  per  trip,  equivalent 
to  38/.  Ids,  Sd,  per  car  per  annum. 

At  Southport  the  average  energy  consumption  of  roller-bearing  cars  was 
0*55  unit  per  car  mile  with  a  mean  speed  of  10*3  miles  per  hour,  as  against  one 
unit  per  car  mile  with  ordinary  bearings  and  a  mean  speed  of  8  6  miles  per  hour. 
The  mean  current  consumption  with  ordinary  bearings  was  0*797  unit  per  car 
mile,  and  with  roller-bearings  0*889,  showing  a  saving  of  0*408  unit  per  car  mile, 
or  a  saving  of  68/.  per  car  per  annum. 

As  examples  of  railway  tests,  the  earlier  trials  on  the  London,  Brighton,  and 
South  Coast  Railway  are  cited,  where,  after  six  years*  service  and  120,000  miles 
run,  a  saving  of  12^  per  cent,  was  shown  in  coal  consumption. 

On  the  Indian  State  Railways  a  saving  of  12*86  per  cent,  according  to  coal 
consumption,  and  11  76  per  cent,  according^  to  water  consumption,  was  effected, 
or  a  mean  of  12  per  cent.,  eoual  to'  a  saving  of  13o  tons  of  coal  per  train  per 
annum,  or  67/.  10^.  per  train  ot  six  coaches.  Taking  the  life  of  the  roller-bearing 
at  ten  years,  and  allowing  for  sinking  fund  and  interest  on  the  capital  cost  of  the 
bearings  for  that  period,  the  annual  charge  per  train  is  onl^  0*56  per  cent,  of  the 
actual  economy  effected,  plus  the  increase  of  traffic  obtamed  by  longer  trains 
without  any  appreciable  increase  in  the  expenditure  of  energy. 

On  the  Liverpool  Overhead  Railway  roller-bearing  tests  proved  that  the 
reduction  per  ton  mile  of  coal  consumption  was  equal  to  9  per  cent.,  and  that 
longer  trains  could  be  employed. 

On  the  Northern  of  France  Railway  the  tests  proved  a  saving  in  tractive 
resistance  of  6  to  1  in  favour  of  roller-bearings,  ac  speeds  varying  from  50  to 
75  miles  per  hour. 

The  reduction  of  tractive  resistance  and  the  correspondingly  diminished  wear 
and  tear  of  materials  generally,  combined  with  increased  comfort  in  smooth,  easy 
running,  the  smarter  handling  of  trains,  the  acceleration  of  speed,  and  the  increase 
of  carrying  loads  by  means  of  successful  roller-bearings,  are  subjects  well  worth 
the  careful  consideration  of  engineers. 


2.  T7ie  Motor-Car  in  SmUh  Africa.     By  Alfred  T.  Hennessy. 

Introduction. — Aim  of  paper  to  briefly  give  results  of  practical  experience  in 
motor  construction  best  suited  for  South  Africa — As  no  data  exist,  difficulty  of 
comparison  of  various  forms  of  motor  construction. 

Electric,  Steam,  and  Inttrnul  Comhiistion  Motor-Cars, 

Unsuitability  of  electric  vehicles  for  South  Africa— Great  improvement  in 
more  recent  construction  of  steam-cars — Advantages  and  disadvantages  of  the 
modem  steam-car — The  internal  combustion  motor-car  best  suited  for  South 
Africa — Consideration  of  detailed  construction  of  internal  combustion  motor-cars. 

The  Engine. — Slow  and  high  speed — Advantage  of  multiple  cylinders — 
Necessity  of  more  efficient  cooling — The  best  method  of  connecting  up  the  water 
circulation.  vjOOqIc 
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Ignition, — Various  forms  considered — TligL-tension  magneto  with  alternate 
ordinaiy  accumulator  and  coil  sjstem  best  suited  for  South  Africa. 

Carburettor. — Frequent  unsatisfactory  working  and  difficulty  of  constructing 
a  thoroughly  satisfactory  automatic  one — Need  of  positive  adjustment  from  dash- 
board. 

Lubrication. — Automatic  pressure  the  most  suitable  form. 

Governor. — The  general  form  of — Little  need  of,  if  positively  worked  throttle 
fitted. 

Clutch. — The  various  forms — The  necessity  of  one  constructed  to  allow  slipping 
without  injury  to  working  parts —The  internal  expanding  metal  to  metal  very 
suitable — The  Hele-Shaw  clutch  most  suitable  for  South  Africa. 

Speed  Gear. — Various  forms  of — Reliability  of  wheel  gear,  making  it  the  most 
suitable  for  South  Africa. 

Transmission  Gear. — Different  forms  of — Desirability  of  enclosing  chains — 
Cardan  shaft  with  bevel  gear  and  live  axle  the  ideal  form  for  this  country. 

Frame. — Extraordinary  reliability  of  standard  makes — Different  methods  of 
attachment  engine  and  gear — Advantages  of  three-point  suspension. 

Springs, — ^Need  of  fitting  more  efficient— Advantages  of  lengthened  wheel 
base — Three  point  suspension  applied  to  the  springing  of  a  car. 

Brakes. — l)ifferent  forms — Best  form  metd  to  metal  expanding  ring. 

Steering. — Wheel  or  tiller,  the  former  best  suited  to  South  Africa. 

Wheels. — Advantages  of  equal  size — Best  form  Artillery  type. 

Parts,  motor-cars,  most  liable  to  failure — Instances  of  such  milures. 

Finally,  what  may  be  considered  an  ideal  car  for  South  Africa. 


FRIDAY,  AUGUST  18. 
The  following  Paper  was  read  :— 
Cape  Government  Railways'.     By  A.  M.  Tippett,  Assoc.MJnst.CE 


JOHANNESBURG. 
TUESDA  y,  A  UG  UST  29. 

The  President  delivered  his  Address  (see  p.  490),  after  which  the  following 
Papers  were  read  :  — 

1.   Wireless  Telegraphy.     By  Sir  W.  H.  Preeck,  K.CB.,  F.R.S.^ 

2.  The  Strength  of  Winding  Ropes  in  Mines. 
By  Professor  John  Perry,  F.R.S. 


WEDNESDA  Y,  A  UG  UST  30. 

Tlie  following  Papers  were  read : — 

1 .  Electric-power  Distribution  in  the  Rand. 
By  Robert  Hammond,  M.Inst.C.E. 

The  object  of  this  paper  was  to  raise  two  questions :  first,  whether  the  working 
of  the  mines  could  not  be  cheapened  by  the  greatly  extended  application  of  electric 
power ;  and  secondly,  whether  such  electric  power  could  be  more  economically 

'  Published  ia  the  KUetHrian.  ^.^^^  byGoOgk 
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produced   by  each  mine  or  group  of  mines  laying  down  ite  own  plant,  or  by 
means  of  centralisation  of  generation  in  works  serving  a  number  of  mines. 

In  the  United  Kingdom  a  great  extension  in  the  application  of  electricity  has 
taken  place  since  the  report  on  the  use  of  electricity  in  mines  was  issued  by  the 
Home  Office  in  1904. 

As  regards  the  Rand,  the  author  believes  that  almost  every  operation  at  present 
performed  by  steam  could  be  more  economically  effected  by  electricity  if  the  power 
were  generated  at  a  central  power  station  supplying  the  whole  of  the  mines. 

He  pointed  out  as  an  instance  of  the  economy  effected  by  the  use  of  electricity 
that  in  the  case  of  drills  worked  by  compressed  air  supplied  from  the  surface  an 
inevitable  loss  of  from  50  to  75  per  cent,  of  the  power  takes  place  owing  to 
leakage  and  friction.  Portable  electrically  driven  compressors  placed  in  ventilated 
positions  close  to  the  workings  would  result  in  a  loss  of  only  about  22  per  cent. 

Turning  to  the  question  of  whether  the  supply  of  electrical  energy  could  be 
more  cheaply  obtained  from  one  central  station  or  from  separate  works  supplying 
each  group  of  mines,  it  must  be  considered  whether  the  advantages  of  centralisa- 
tion do  not  outweigh  the  disadvantages  arising  from  losses  in  transmission  through 
long  lengths  of  distributing  mains. 

To  take  an  extreme  case,  there  would  be  no  difficulty  in  supplying  electrical 
energy  to  the  mines  of  the  Rand  from  a  central  power  house  at  Uie  Victoria 
Falls  on  the  Zambesi;  but,  even  disregarding  the  cost  of  the  enormous  works 
necessary  for  utilising  the  water-power,  the  annual  capital  charges  on  the  cost  of 
the  transmission  lines  would  far  outweigh  the  annual  outlay  on  coal  used  in  works 
laid  down  close  to  the  Rand. 

The  costs  of  generation  and  distribution  of  electrical  energy  divide  themselves 
as  follows : — (1)  Capital  charges ;  (2)  Working  expenses. 

As  regards  capital  charges  the  advantages  gained  by  centralisation  and  the 
resultant  diversity  factor  are  that  the  plant  required  is  reduced  in  total  capacity ; 
also  that  plants  of  larger  size  can  be  used  and  the  capital  expenditure  thereon 
minimised. 

As  regards  the  effect  of  centralisation  on  working  expenses,  and  considering 
steam-driven  plant,  the  consumption  of  coal  is  reduced  owing  to  ther  size  of  the 
generating  plant.  A  saving  is  also  made  in  water  consumption,  and  in  oil,  waste, 
and  stores,  for  the  same  reason.  A  great  saving  would  be  effected  in  wages,  as 
the  same  number  of  men  would  be  required  to  operate,  say,  six  plants  of 
1,000  kwts.  as  would  be  required  to  work  the  same  number  of  plants  ten  times 
the  size.    Similar  savinga  would  be  effected  in  the  other  items  of  working  costs. 

As  regards  the  size  of  a  central  station  to  supply  the  whole  of  the  Rand  the 
tot4il  consumption  of  power  at  present  may  be  estimated  from  the  amount  of  coal 
consumed  annually.  In  the  report  of  Mr.  T.  R.  Price,  the  general  manager  of  the 
Central  South  African  Railways,  for  1904  it  is  stated  that  the  coal  carried 
amounted  to  1,804,926  tons.  Assuming  that  1,250,000  tons  out  of  this  total  are 
taken  by  the  mines  on  the  Rand,  and  assuming  that  the  coal  had  a  calorific  value 
of  from  8,000  to  12,000  B.T.U.s  per  lb.,  and,  further,  that  6  lbs.  of  coal  were 
used  for  every  brake  horse-power  hour,  the  total  power  consumed  on  the  Rand 
would  be  416,666,666  horse-power  hours,  or,  say,  400,000,000  horso-power  hours 
per  annum — equivalent  to  an  average  output  throughout  the  area  of  over  45,000 
horse-power,  working  day  and  night  without  intermission. 

The  above  consumption  of  power  is  equivalent  to  300,000,000  units  (k.w. 
hours)  of  electrical  energy  per  annum. 

In  order  to  arrive  at  the  total  capacity  of  a  central  power  house  to  deal  with 
this  output  it  is  necessary  to  consider  the  load  and  diversity  factors  which  would 
be  obtained. 

As  already  indicated  the  extent  to  which  the  aggregation  of  output  leads  to 
economy  in  working  cost  practically  turns  upon  the  excellence  of  the  load  and 
diversity  factors  which  would  result  from  the  supply  to  a  large  number  of  con- 
sumers. The  term  'load  factor'  is  the  name  given  to  the  ratio  of  the  actual 
output  of  any  works  during  a  g^ven  period  to  what  that  output  would  have  been 
had  the  works  been  operating  at  their  maximum  rate  throughout  that  period,   p 
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As  regards  the  '  diversity  factor '  the  term  is  used  to  denote  the  ratio  of  the 
maximum  load  to  be  supplied  by  the  central  power  plant  to  the  sum  of  the 
individual  oonsumer^s  maxima.  Its  value  depends,  of  course,  upon  the  extent  to 
which  the  various  consumers'  demands  overlap  one  another. 

On  the  Rand  the  load  &ctor  of  the  plant  at  many  of  the  individual  mines  is  as 
high  as  0  5  or  0*6.  It  may  therefore  be  assumed,  in  order  to  be  on  the  safe  side, 
that  the  average  of  the  consumers*  load  factors  would  be  about  40  per  cent. 

On  the  basis  of  a  consumption  of  300,000,000  units  per  annum  and  a 
40  per  cent,  load  factor,  the  sum  of  the  consumers*  maximum  demands  would 
be  82,200  kwts. 

On  the  assumption  of  a  diversity  factor  of  60  per  cent,  and  a  20  per  cent,  loss 
in  distribution  and  transformation,  a  plant  capacity  at  the  generating  works  of 
60,000  kwts.  would  be  required. 

Capital  Outlay, 

At  the  generating  works  provision  should  be  made  for  seven  generating  sets, 
each  of  a  capacity  of  10,000  kilowatts.  The  cost  of  the  power  house  and  gene- 
rating plant,  electric  lines,  transformers,  sub-stations,  storage  tank,  land  and  road- 
makiug,  contingencies,  engineering  and  supervision  fees,  &c.,  is  estimated  at 
1,850,000/.,  and  the  working  capital  at  160,000/.,  making  a  total  of  2,000,000/. 

Costs  of  Working. 

These  are  compiled  on  the  basis  of  an  output  of  376,000,000  units,  and  may  be 
estimated  as  follows : — 

£ 
Coal  on  the  basis  of  4  lbs.  per  unit  and  10«.  Od.  per  ton  (of  2.000  lbs.)    393,750 
Water  (to  make  up  for  condensing  and  for  boiler  feed),  i}  gallon 
per  unit  at  3«.  6d.  per  1,000  gallons      .        .        ,        .  .      82,631 

Oil,  waste,  and  stores 3,125 

Wages 62,000 

Managiment,  rent,  rat«s,  in.surance,  &c 12,000 

Repairs  and  maintenance,  |  per  cent,  on  capital 

outlay,  viz £2,000,000 

Less  working  capital 1 50,000 

£1,850,000  9.250 

552,166 
Add  5  per  cent,  for  contingencies 27,607 

579,763 
Capital  charges — 
5  per  cent,  on  660,000  debentures  and  10  per  cent,  on  1,340,000 
ordinary  capit-al 167,000 

Reserve  fund — 
For  depreciation  and  antiquation  fund  and  2  per  cent,  on  capital 
outlay  on  plant 37.000 

Total        .        .     783,763 
Margin  to  the  good 91,237 

£875^000 
Jlevefiue, 
300,000,000  units  delivered  to  consumers  at  0*7//.  per  unit      .        .  £S75fiO0 

Financial  Results. 

On  the  above  basis  it  will  be  seen  that  a  sufficient  profit  would  be  available  to 
provide  5  per  cent,  on  tlie  debenture  capital  and  10  per  cent,  on  the  ordinary 
capit-al  after  setting  aside  37,000/.  per  annum  to  reserve  fund  t^  cover  deprecia- 
tion and  antiquation  of  the  plant.  ^  t 
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The  ideal  portion  for  the  works  would  be  about  eight  miles  to  the  east  of 
Johannesburg.  Is  wat^r  ayailable  in  that  vicinity  in  sufficient  quantity  to  provide 
that  required  at  the  price  taken  io  the  estimated  working  expenses  ?  If  not, 
where  can  it  he  obtained,  and  at  what  cost  P 

Presuming  for  the  purpose  of  illustration  that  ample  water  were  available  at 
Yereeniging  at  a  distance  of,  say,  thirty-five  miles  from  Johannesburg,  an  additional 
expenditure  of  capital  of,  say,  80,000/.  for  the  construction  of  a  weir  dam  would 
be  necessary.  The  energy  could  be  transmitted  from  Yereeniging  to  Johannesburg 
at  70,000  volts  by  three  sets  of  transmission  lines  consisting  of  three  cables  each. 
The  energy  would  be  received  at  three  sub-stations  situated  on  the  west,  east,  and 
centre  of  the  Rand,  and  distributed  thence  as  in  the  case  of  a  central  station 
situated  on  the  Rand. 

The  total  cost  of  this  transmission  line  and  of  the  additional  transformers,  &c., 
would  amount  to  200,000/.  On  the  other  hand  the  outlay  of  the  800,000/. 
included  above  to  cover  the  cost  of  water  storage  works  woula  be  avoided.  The 
increased  cost  owing  to  the  transmission  of  the  energy  would  be  more  than  com- 
pensated for  by  the  lower  price  of  the  coal  and  water  at  Yereeniging,  always 
assuming  that  arrangements  could  be  made  for  the  use  of  the  Yaal  River. 

If  such  arrangements  could  be  made  the  future  central  power  distribution 
station  for  the  Rand  will  probably  be  situated  there  and  the  supply  given  at 
O'Orf.  per  unit. 

In  concludon  the  writer  expressed  his  great  thanks  to  the  engineers  and 
managers  of  the  Rand  mines  who  so  heartily  and  fully  responded  to  his  requests 
for  data  as  to  the  pre.sent  methods. 

2,    Water-power  Plants,     By  Elsdon  Dew. 


3.  Dust  Fuel,     By  A,  M.  Robeson. 

It  is  well  known  that  practically  perfect  combustion  can  be  obtained  with 
powdered  fuel,  and  that  only  the  theoretical  quantity  of  oxygen  is  necessary ;  in 
fact,  the  mixture  of  air  and  fuel  in  this  form  can,  for  all  practical jipurposes,  be 
considered  as  a  'gas,'  containing  within  itself  all  things  necessary- lor  complete 
combustion. 

A  gas  which  contains  within  itself  all  things  necessary  for  complete  com- 
bustion is  also  an  explosive  mixture,  having  a  dennite  rate  of  transmission  of  the 
point  of  explosion  or  ignition  for  any  given  conditions  of  temperature  and  pressuie, 
and  this  is  true  of  coal  dust  and  air ;  but  fortunately  in  this  case  the  rate  of 
transmission  is  comparatively  slow,  and  when  the  volume  of  mixture  in  use  is 
small,  and  kept  moving,  no  explosions  are  poesible.  It  is  this  difficulty  of 
exploding  or  igniting  such  a  mixture  which  renders  it  necessary  to  surround  the 
issuing  jet  of  luel  and  air  with  incandescent  bricks,  and  at  the  same  time  is  that 
which  marks  the  beginning  of  the  troubles  of  the  experimenter ;  for,  as  would  be 
expected,  the  perfect  combustion  of  a  given  quantity  of  fuel  with  its  exact 
chemical  equivalent  of  air  in  a  very  short  time  will  result  in  a  maximum  tem- 
perature which,  together  with  the  powerful  slagging  action  of  the  dust-ash,  soon 
destroys  ordinary  bricks  in  the  hottest  zone  and  fills  the  furnace  with  slag  in  the 
cooler  portions. 

Theoretically  the  cross-section  of  the  furnace  should  be  altered  for  every 
change  in  the  rate  of  firing;  but  as  this  is  for  practical  reasons  impossible  the 
idea  cannot  be  entertained.  ...  It  will  be  seen,  then,  from  theoretical  considera- 
tion—as is  actually  borne  out  in  practice — that  when  powdered  fuel  is  being 
burned  in  the  ordinary  manner,  i,e,,  in  a  straigbt*through  furnace,  the  conditions 
of  quality  and  quantity  of  fuel  and  the  amount  of  air  and  draught  must  be 
maintained  constant  within  narrow  limits,  especially  if  the  coal  be  of  medium  or 
poor  quality. 

It  was  the  appreciation  of  the  necessity  of  a  furnace  which  would  automatically 
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maintain  a  stable  condition  of  combuBtion  under  all  variations  cf  fuel  supply,  &c. 
together  with  the  belief  that,  could  such  a  thing  be  found,  the  beautiful  perfection 
of  this  method  of  burning  coal  would  eventually  overcome  all  the  remaining 
difficulties  in  the  way  of  its  practical  application,  which  led  the  writer  on  through 
the  experiments  that  he  then  described. 

It  was  at  this  time  that  a  correct  idea  was  obtained  of  the  principles  governing 
the  combustion  of  explosive  mixtures  in  motion,  and  it  became  clear  that  means 
must  be  provided  for  heating  the  incoming  mixture  in  some  other  manner  than  by 
radiation  from  the  brickwork  alone.  It  was  recognised  that  what  was  required 
was  a  source  of  heat  which  would  have  a  natural  and  strong  tendency  to  travel 
parallel  and  in  a  contrary  direction  to  the  incoming  combustible. 

When  considering  the  economical  aspect  of  the  question  it  is  to  be  remembered 
that  money  must  be  expended  to  make  coal-dust,  and  that  this  amount  is  to  be 
added  to  the  original  cost  of  the  coal  for  dust-firing  when  comparisons  are 
made. 

It  will  be  of  interest  to  see  what  percentage  improvement  is  necessary  over 
present  boiler  practice  on  the  Rand  to  make  dust- firing  a  commercial  success. 
For  this  purpose  it  will  be  assumed  that  the  boiler  plant  will  be  large  enough  to 
consume  ninety  tona  of  coal  per  day  of  twenty-four  hours,  and  that  ample 
spare  machinery  be  provided.    The  cost  per  annum  would  then  be : — 

£ 

Interest  and  redemption 402 

Repairs  and  maintenance 650 

Sundry  stores 300 

Power 2,970 

4,222 
Deduct  labour  saved 1,034 

£3,188 

This  amount  divided  by  the  yearly  tonnage,  viz.,  32,850  tons,  makes  the  cost 

Sir  ton  1«.  W^d,    As  the  average  cost  of  coal  to  the  majority  of  mines  on  the 
and  is  about  12«.,  it  will  be  seen  that  an  average  saving  of  16  per  cent,  muse  be 
shown. 

On  referring  to  the  tabulated  statement  of  the  tests  it  will  be  seen  that  with 
dust-firing  7*8 lbs.  of  water  were  evaporated  from  and  at  212^  F.  per  lb.  of  coal, 
and  with  hand-firing  5'5  lbs.  were  evaporated ;  or,  in  other  words,  29  per  cent,  of  the 
coal  was  saved.  This  figure  when  compared  with  the  limiting  one  of  16  per  cent, 
shows  that,  even  with  the  means  now  at  our  disposal,  when  compared  with  poor 
hand-firing,  dust-firing  is  commercially  possible. 


FRIDAY,  SEPTEMBER  I. 
The  following  Papers  were  read : — 

1.  Tihe  Harbours  of  South  A/ricay  tvith  special  reference  to  the  Catises  ana 
Treatment  of  Sandbars, 
By  Cathoart  W.  Methven,  KR.S.E.,  MJiist,C,E, 

The  author  gave  a  short  description  of  the  littoral  of  South  Africa  from  Cape 
Town  to  Delagoa  Bav,  referring  to  the  remarkable  absence  of  deep-water  indenta- 
tions forming  natural  harbours  between  these  points,  and  gave  some  of  the  reasons 
therefor.  The  description  included  some  of  the  most  notable  features  of  the 
southern  and  eastern  coast  lines  of  Cape  Colony  and  Natal,  including  Zululand. 
Reference  was  also  made  to  the  formation  of  some  of  the  lakes  and  lagoons  and 
the  gradual  elevation  of  the  coast  belt  as  afi'ecting  these.  ^^  ^ 
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Brief  descriptions  of  Table  Bay  harbour  and  the  proposed  works  of  dock 
extension  by  tne  author  and  Mr.  Hammersley-HeeDan,  general  manager  and 
engineer  to  the  Cape  Harbour  Board,  at  the  estimated  cost  of  3,561,767/.,  were 
then  given,  together  with  statistics  showing  the  probable  increase  in  customs, 
revenue,  imports,  and  exports. 

The  embay ments  on  the  south-east  littoral  as  far  as  Algoa  Bay  were  then 
described,  with  brief  references  as  to  their  suitability  for  the  construction  of 
harbours,  including  St.  Sebastian  Bay,  Pletteuberg  Bay,  and  Mossel  Bay. 

Algoa  Bay. — 'Die  author  referred  to  the  main  features  of  this  harbour  and  the 
remarkable  strides  which  have  been  made  in  its  commercial  prosperity  in  spite  of 
the  landing  difficulties  due  to  its  exposed  position  and  the  want  of  adequate 
sheltering  works.  A  shoiii  description  of  the  existing  jetties  was  given  and 
reference  made  to  two  important  schemes  now  under  consideration — one,  by 
Messrs.  Coode,  Son  &  Matthews,  to  project  two  great  breakwaters  into  the  bay  in 
front  of  the  town  of  Port  Elizabeth,  so  as  to  form  an  inclosed  harbour  of  some 
800  acres ;  and  the  other,  by  the  author,  to  open  up  the  Zwartkops  Hiver,  which  runs 
into  Algoa  Bay,  about  five  and  a  half  miles  to  the  northward.  A  description  was 
given  of  the  present  conditions  of  the  Zwartkops  River  and  of  the  proposed  works. 
The  question  of  sand  travel  along  the  shore  of  Algoa  Bay  as  afiecting  these  was 
also  referred  to. 

Formation  and  Treatment  of  Bars. — Under  this  heading  the  author  discussed 
the  various  causes  to  which  may  be  attributed  the  formation  of  bars  at  the  mouths 
of  the  rivers  and  lagoons  on  the  south-east  African  coast  and  the  variations  of  their 
form  which  take  place  in  accordance  with  the  physical  features  of  the  rivers  and 
lagoons  concerned,  and  of  the  coast  line  in  proximity  to  their  outlets.  This  was 
illustrated  by  reference  to  the  bars  at  the  Kowie  liiver,  Buffalo  River,  and  St. 
John's  River. 

Lagoons. — The  discussion  of  the  formation  and  treatment  of  bars  was  con- 
tinued under  this  heading,  together  with  a  full  description  of  the  physical  features 
of  these  lagoons  and  the  causes  of  their  formation,  as  well  as  of  the  sand-spits 
separating  them  from  the  ocean.  Special  reference  was  made,  in  illustration  of  the 
subject,  to  the  lagoons  at  Durban,  Umhlatuzi,  and  St.  Lucia,  in  Natal  and  Zulu- 
land. 

Fort  Alfred. — A  description  of  this  river  was  given,  and  a  short  historical 
sketch  of  the  engineering  works  which  were  carried  out,  together  with  their 
results,  and  the  works  proposed  by  the  author  to  reopen  the  river  by  the  construc- 
tion of  a  new  outlet,  towanis  which  end  the  existing  works  are  to  be  utilised. 

East  London. — A  short  description  was  given  of  the  original  condition  of  the 
Bufialo  River  and  of  the  works  which  have  been  carried  out  to  open  it  for  naviga- 
tion, special  reference  being  made  to  the  successful  application  of  sand-pump 
dredging  to  the  bar  in  the  open  sea.  Statistics  showing  the  increase  of  trade  were 
given. 

Fort  St.  John. — A  general  description  was  given  of  the  river  and  the  physical 
conditions  affecting  its  outlet,  especially  as  regards  the  formation  of  the  ou*  and 
the  effect  of  the  river  freshets  on  same.  A  short  description  of  the  works  proposed 
by  the  author  for  its  improvement  was  also  given. 

Fort  Shepstone. — Only  a  short  reference  was  made  to  this  river  and  to  the 
necessity  for  a  most  careful  investigation  into  the  physical  characteristics,  and  the 
fullest  recognition  of  the  ultimate  expense  before  works  are  undeitaken  to  open  up 
these  small  rivers. 

Durhayi. — A  full  description  was  given  of  this  port  and  its  lagoon,  and  of  some 
of  the  natural  causes  which  have  operated  in  its  formation.  Statistics  were  given 
showing  the  increase  in  its  commercial  prosperity  between  1846  and  1904.  The 
original  condition  of  the  bar  at  the  mouth  of  the  lagoon  and  the  changes  which 
occurred  in  its  form  at  different  periods  in  the  progress  of  the  works  were  described 
in  detail.  Special  reference  was  made  to  the  important  operations  of  dredging  on 
the  bar  in  the  open  sea  and  the  results  which  have  been  attained. 

DeUtgoa  Bay. — A  short  description  was  given  of  this  harbour,  which  is  a  Portu- 
guese possession,  special  reference  being  made  to  certain  features  which  resemble 


510  REPORT— 1906. 

those  previously  referred  to  under  the  heading  of  'lagoons/  and  to  the  shoals 
which  constitute  bars  to  nayigation,  both  at  Loren9o  Marques  and  at  the  mouth 
of  the  bay. 

2.  Tlie  Architectural  Problem  in  South  Africa, 
By  William  Lucas,  F.R,G.S. 

Perhaps  more  closely  than  any  other  function  of  humanity  is  architecture 
bound  up  with  the  life  of  the  race;  and  amid  strenuously  utilitarian  demands  and 
limitations  its  story  is  being  written  on  South  African  soil.  A  few  reminiscenoes  of 
early  settlement,  the  result  of  contact  with  the  Dutch  life  of  the  seventeenth 
century,  remain.  Otherwise  all  is  essentially  modem,  and  a  great  deal  of  the 
earlier  work  is  the  joint  product  of  professionals  and  laymen. 

"With  the  exception  of  Johannesburg  and  Cape  Town — which  in  a  degree 
remind  one  of  America— the  phase  of  building  is  of  British  type,  though  expressing 
greater  independence  of  thought.  The  absence  of  such  educational  institutions  as 
Great  Britain  and  America  possess  has  some  compensation  in  principals,  staif,  and 
pupils  being  brought  into  closer  touch  with  building  operations,  and  in  practice 
being  concentrated  on  more  limited  areas. 

The  temper  of  8emi-tro])ical  environments  reduces  the  need  for  the  provisions 
that  characterise  the  interiors  of  northern  climes,  though  the  fact  of  coloured 
domestic  labour  presents  certain  problems  that  have  to  be  met,  and  especially  in 
those  latitudes  with  trying  climates.  The  supreme  demands  are  in  the  direction 
of  tree  planting ;  a  keen  regard  for  the  face  of  nature;  sheltered  coverings  for  tbo 
enjoyment  of  tempered  sunshine,  bracing  breezes,  and  brilliant  skies. 

With  the  ample  resources  at  the  disposal  of  South  Africa  in  imported  and 
local  materials^  and  the  scientific  knowledge  available,  it  is  felt  that  there  ought  to 
be  more  extensive  use  of  those  that  time  and  climate  can  enrich.  While  thankful 
for  Bath  and  New  Zealand  stones,  local  stone  should  be  far  more  in  evidence,  and 
design  be  of  more  tempered  severity.  The  accepted  and  extensive  use  of  cement 
stucco  makes  restraint — the  most  valuable  quality  in  architectural  composition — 
very  difficult  to  observe.  There  are,  however,  indications  of  stern  struggle 
against  surface  effect,  and  some  few  masterly  compositions  may  be  seen  even  in 
stucco. 

Unfortunately  nepotism  and  social  qualities — ^far  more  than  is  possible  in  older 
and  more  extensive  communities — rather  than  merit  have  much  to  do  with  the 
character  of  South  African  architecture.  The  public  buildings,  however,  are 
generally  the  results  of  open  competition,  and  more  fully  express  the  possibilities 
of  equality  and  the  extent  of  '  the  force  behind  the  lull '  panting  for  its  oppor- 
tunity. 

3.  Irrigation  in  South  Africa.     By  C.  D.  H.  Bbaine. 


4.  Tlie  Copper  Deposit  of  Little  UTamaqualand,    By  J.  H.  Ronaldsok. 
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Section  H.— ANTHROPOLOGY. 
President  op  the  Section — A.  C.  Haddon,  M.A.,  Sc.D.,  F.R.S. 


CAPE  TOWN. 

WEDNESDAY,  AUQUST  16. 

The  President  deliYered  the  following  Address : — 

There  are  various  ways  in  which  man  can  study  himself,  and  it  is  clearly  im- 
possible for  me  to  attempt  to  give  an  exposition  of  all  the  aims  and  methods 
of  the  anthropological  sciences ;  I  propose,  therefore,  to  limit  myself  to  a  general 
Tiew  of  South  African  ethnology,  inciaen tally  referring  to  a  few  of  the  problems 
that  strike  a  European  observer  as  needing  further  elucidation.  It  seems  some- 
what presumptuous  in  one  who  is  now  for  the  first  time  visiting  this  continent  to 
venture  to  address  a  South  African  audience  on  local  ethnology,  but  I  share  this 
disability  with  practically  all  students  of  anthropology  at  home,  and  my  excuse 
lies  in  the  desire  that  I  may  be  able  to  point  out  to  you  some  of  the  directions  in 
which  the  information  of  anthropologists  is  deficient,  with  the  hope  that  this  may 
be  remedied  in  the  immediate  future. 

Men  are  naturally  apt  to  take  an  exclusive  interest  in  their  immediate 
concerns,  and  even  anthropologists  are  liable  to  fall  into  the  danger  of  studying 
men's  thoughts  and  deeds  by  themselves,  without  taking  sufficient  account  of 
the  outside  influences  that  affect  mankind. 

In  the  sister  science  of  zoology,  it  is  possible  to  study  animals  as  machines 
which  are  either  at  rest  or  in  motion :  wnen  they  are  thus  studied  individually, 
the  subjects  are  termed  anatomy  and  physiology;  when  they  are  studied  com* 
paratively,  they  are  known  as  comparative  anatomy  or  morphology  and  com- 
parative physiology.  The  study  of  the  genesis  of  the  machine  is  embryology,  and 
paleeontologista,  as  it  were,  turn  over  the  scrap-heap.  All  these  sciences  can  deal 
with  animals  irrespective  of  their  environment,  and  perhaps  for  intensive  study 
such  a  limitation  is  temporarily  desirable,  but  during  the  period  of  greatest 
specialisation  there  have  always  been  some  who  have  followed  in  the  footsteps  of 
the  field  naturalist,  and  to-day  we  are  witnessing  a  combination  of  the  two  lines 
of  studv. 

Biology  has  ceased  to  be  a  mixture  of  neci'ology  and  physiology ;  it  seeks  to 
obtain  a  survey  of  all  the  conditions  of  existence,  and  to  trace  the  efEects  of  the 
environment  on  the  organism,  of  the  organism  on  the  environment,  and  of 
organism  upon  oiganism.  Much  detailed  work  will  always  be  necessary,  and 
we  shall  never  be  able  to  do  without  isolated  laboratory  work ;  but  the  day  is 
past  when  the  amassing  of  detailed  information  will  satisfy  the  demands  of 
science.  The  leaders,  at  all  events,  wDl  view  the  subject  as  a  whole,  and  so 
direct  individual  labour  that  the  hewers  of  wood  and  drawers  of  water,  as  it  were, 
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shall  not  mechanically  amass  material  of  which  no  immediate  use  can  be  made, 
but  they  will  be  so  directed  that  all  their  energies  can  be  exercised  in  sol  Ting 
definite  problems  or  in  filling  up  gaps  in  our  information^  with  knowledge  whicn 
is  of  real  importance. 

This  tendency,  which  I  have  indicated  as  affecting  the  science  of  zoology,  is 
merely  one  phase  of  an  attitude  of  mind  that  is  infiuencing  many  departments  of 
thought.  There  are  psychologists  and  theologians  who  deem  it  worthwhile  to 
find  out  what  other  people  think  and  believe.  Arm-chair  philosophers  are 
awakening  to  the  fact  that  their  studies  have  hitherto  been  confined  almost 
exclusively  to  the  most  highly  specialised  conditions,  and  that  in  order  to  compre- 
hend these  fully  it  is  necessary  to  study  the  less  and  the  yet  less  specialised  con- 
ditions ;  for  it  is  only  possible  to  ^ain  the  true  history  of  mind  or  belief  by  a 
combination  of  the  observational  with  the  comparative  method.  A  considerable 
amount  of  information  has  already  been  acquired,  but  in  most  departments  of 
human  thought  and  belief  vastly  more  information  is  needed,  and  hitherto  the 
reliability  of  a  great  deal  that  has  been  published  is  not  above  suspicion. 

The  comparative  or  evolutionary  historian  also  needs  reliable  facts  concerning 
the  social  condition  of  varied  peoples  in  all  stages  of  culture.  The  documentary 
records  of  history  are  too  imperfect  to  enable  the  whole  story  to  be  unravelled,  so 
recourse  must  be  had  to  a  study  of  analogous  conditions  elsewhere  for  jdde-lights 
which  will  cast  illuminating  beams  into  the  dark  corners  of  ancient  history. 
When  the  historian  seriously  turus  his  attention  to  the  mass  of  data  accumulated 
in  books  of  travel,  in  records  of  expeditions,  or  the  assorted  material  in  the 
memoirs  of  students,  he  will  doubtless  be  surprised  to  find  how  much  there  is 
that  will  be  of  service  to  him. 

Sociologists  have  not  neglected  this  field,  but  they  need  more  information 
and  more  exhaustive  and  precise  analyses  of  existing  conditions.  The  available 
material  is  of  such  importance  and  interest,  that  the  pleasure  of  the  reader  is  apt 
to  dull  his  critical  faculty ;  as  a  matter  of  fact,  the  social  conditions  of  extremely 
few  peoples  are  accurately  known,  and  sooner  or  later — generally  sooner — the 
student  finds  his  authorities  failing  him  from  lack  of  thoroughness. 

I  have  alluded  to  the  subjects  of  psychology,  theology,  history,  and  sociology, 
because  they  all  overlap  that  area  over  which  the  anthropologist  prowls.  Indeed 
it  is  our  work  to  collect,  sift,  and  arrange  the  facts  which  may  be  utilised  by  our 
colleagues  in  these  other  branches  of  inquiry,  and  to  this  extent  the  ethnologist  is 
also  a  psychologist,  a  theologian,  a  historian,  and  a  sociologbt. 

Similarly  the  authropographer  provides  material  for  the  biologist  on  the  one 
hand,  and  for  the  geographer  on  the  other. 

As  a  general  rule  those  who  have  investigated  any  given  people  in  the  field 
nave  alluded  to  the  general  features  of  the  country  they  inhabit,  so  that  usually  it 
is  possible  to  gain  some  conception  of  them  in  their  natural  surroundings.  Thus,  to 
a  certain  extent,  materials  are  available  for  tracing  that  interaction  between  life 
and  environment  and  between  organisms  themselves,  to  which  the  term  cacology 
is  now  fre(juently  applied,  but  we  still  need  to  have  this  interdependence  more 
recognised  m  such  branches  of  inquiry  as  descriptive  sociology  or  religion. 

Just  as  the  arts  and  crafts  of  a  people  are  influenced  by  their  environment,  so 
is  their  social  life  similarly  atTected,  and  their  religion  reflects  the  stage  of  social 
culture  to  which  they  have  attained:  for  it  must  never  be  overlooked  that  the 
religious  conceptions  of  a  people  cannot  be  thoroughly  understood  apart  from  their 
social,  cultural,  and  physical  conditions. 

This  may  appear  a  trit«  remark,  but  I  would  like  to  emphasise  the  fact  that  very 
careful  and  detailed  studies  of  definite  or  limited  areas  are  urgently  needed,  rather 
than  a  general  description  of  a  number  of  peoples  which  does  not  exhaust  any  ona 
of  them — m  a  word,  what  we  now  need  Ls  thoroughness. 

Three  main  groups  of  indigenous  peoples  inhabit  South  Africa: — The  Bushmen, 
the  Hottentots,  and  various  l^ntu  tribes ;  in  more  northerly  parts  of  the  Conti- 
nent there  are  the  Negrilloes,  commonly  spoken  of  as  Pygmies,  the  Negroes  proper, 
and  Hamitic  peoples,  not  to  speak  of  Semitic  elements.  ^  I 
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Kaitea, 

Before  proceeding  further  I  must  here  make  allusion  to  an  obscure  race  who 
may  possibly  be  the  true  aborigined  of  Africa  south  of  the  Zambezi.  These  are  the 
Kattea — or  Vaalpens,  as  they  are  nicknamed  by  the  Boers,  on  account  of  the  dusty 
colour  their  abdomen  acquires  from  the  habit  of  creeping  into  their  holes  in  the 
ground — who  live  in  the  steppe  region  of  the  North  Transvaal,  as  far  as  the  Lim- 
popo. A.S  their  complexion  is  almost  a  pitch  black,  and  their  stature  only  about 
1.220  m.  (4  ft.^,  they  are  quite  distinct  from  their  tall  Bantu  neighbours  and 
from  the  yellowish  Buahmen.  The  *  Dogs,*  or  '  Vultures,'  as  the  Zulus  call  them, 
are  the  *  lowest  of  the  low/  being  undoubtedly  cannibals  and  often  making  a 
meal  of  their  own  aged  and  infirm,  which  the  Bushmen  never  do.  Their  habita- 
tions are  holes  in  the  ground,  rock  shelters,  and  lately  a  few  hovels.  They  have  no 
arts  or  industries,  nor  even  any  weapons  except  those  obtained  in  exchange  for 
ostrich  feathers,  skins,  or  ivory.  Whether  they  have  any  religious  ideas  it  is 
impossible  to  say,  all  intercourse  being  restricted  to  barter  carried  on  in  a  gesture 
ianj^uage,  for  nobody  has  ever  yet  mastered  their  tongue,  all  that  is  known  of 
their  language  beinff  that  it  is  absolutely  distinct  from  that  ofooth  the  Bushman 
and  the  Bantu.  There  are  no  tribes,  merely  little  family  groups  of  from  thirty  to 
fifty  individuals,  each  of  which  is  presided  over  by  a  headman,  whose  functions 
are  acquired,  not  by  heredity,  but  by  personal  Qualities.  I  have  compiled  this 
account  of  this  most  interesting  people Trom  Professor  A.  H.  Eeane's  book,  'The 
Boer  States,'  in  the  hope  that  a  serious  effort  will  be  made  to  investigate  what 
appears  to  be  the  most  primitive  race  of  all  mankind.  So  little  information  is 
available  concerning  the  Kattea  that  it  is  impossible  to  say  anything  about  their 
racial  affinities. 

Perhaps  these  are  the  people  referred  to  by  Stow  (p.  40),  and  possibly  allied  to 
these  are  the  dwarfs  on  the  Nosop  River  mentioned  by  Anderson ;  these  were 
1.320  m.  (4  ft.  4  in.)  or  less  in  height,  of  a  reddish-brown  colour,  with  no  forehead 
and  a  projecting  mouth  ;  Anderson's  Masara  Bushmen  repudiated  any  suggestion 
of  relationship  with  them,  saying  they  were  '  monkeys,  not  men.' 

Buahmen, 

The  San,  or  Bushmen  (Bosjesman  of  Colonial  Annals),  may,  with  the  possible 
exception  of  the  Kattea,  be  regarded  as  the  most  primitive  of  the  present  inhabitants 
of  South  Africa;  according  to  most  authors,  there  is  no  decisive  evidence  that  there 
was  an  earlier  aboriginal  population,  although  several  Bushman  tales  speak  of 
previous  inliabitants. 

The  main  physical  characteristics  of  the  Bushmen  are  a  yellow  skin,  and  very 
short,  black  woolly  hair,  which  becomes  rolled  up  into  little  knots ;  although  of 
quite  short  stature,  with  an  average  height  of  1.529  m.  (5  ft.  0^  in.),  or,  accord- 
ing to  Schinz,  1.670  m.  (5  ft.  If  in.),  they  are  above  the  pygmv  limit  of 
1.450  m.  (4  ft.  9  in.).  The  very  small  skull  is  not  particularly  narrow,  being  what 
is  termed  sub -dolichocephalic,  with  an  index  of  about  76,  and  it  is  markedly  low 
in  the  crown ;  the  face  is  straight,  with  prominent  cheekbones  and  a  bulging  fore- 
head ;  the  nose  is  extremely  broad — indeed,  the  Bushmen  are  the  most  nlatyrrhine 
of  all  mankind ;  the  ear  has  an  unusual  form,  and  is  without  the  lobe.  Their 
hands  and  feet  are  remarkably  small. 

Being  nomadic  hunters  the  Bushmen  could  only  attain  to  the  rudiments  of 
material  culture.  The  dwellings  were  portable,  mat-covered,  dome-shaped  huts, 
but  they  often  lived  in  caves ;  the  Zulus  say  '  their  village  is  where  they  kill 
game ;  they  consume  the  whole  of  it  and  go  away.'  Clothing  consisted  solely  of  a 
small  skin ;  for  weapons  they  had  small  bows  and  poisoned  arrows.  Their  only 
implement  was  a  perforated  rounded  stone  into  which  a  stick  was  inserted ;  this 
was  used  for  digging  up  root«.  A  very  little  coarse  pottery  was  occasionally 
made.  Althougn  with  a  dearth  of  personal  ornaments,  they  had  a  considerable 
amount  of  pictorial  skill,  and  were  fond  of  decorating  their  rock  shelters  with 
spirited  coloured  representations  of  men  and  animals.      They  frequently  cut  off  the 
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terminal  joint  of  a  little  finger.  They  never  were  cannibals.  Cairns  of  stones  were 
erected  over  graves.  Although  they  are  generally  credited  with  being  vindictive, 
paasionate,  and  cruel,  they  were  as  a  matter  of  fact  always  friendly  and  hospitable 
to  strangers  till  dispossessed  of  their  hunting  grounds.  They  did  not  fignt  one 
another,  but  were  an  unselfish,  merry,  cheerful  race  with  an  intense  love  of  freedom. 

A  great  mass  of  unworked  material  existo  for  the  elucidation  of  the  religious 
ideas,  legends,  customs,  and  so  forth,  of  the  Bushmen,  in  the  voluminous  native 
texts,  filling  eighty-four  volumes,  to  the  collection  of  which  the  late  Dr.  Bleek 
devoted  his  laborious  life.  This  wonderful  collection  of  the  folklore  of  one  of  the 
most  interesting  of  peoples  still  remains  inaccessible  to  students  in  the  Grey 
Library  in  Cape  Town.  A  more  enlightened  policy  in  the  past  would  have 
enabled  Dr.  Bleek  to  publish  his  own  material ;  now  the  task  is  complicated  by 
the  great  difficulty  of  nndinc*  competent  translators  and  of  securing  the  services  of 
reliable  natives  who  know  their  own  folklore.  The  time  during  which  this  labour 
can  be  adequately  accomplished  is  fleeting  rapidly,  and  once  more  the  Government 
must  be  urged  to  complete  and  publish  the  life-work  of  this  devoted  scholar. 

The  Mananja  natives,  who  live  south  of  Lake  Shirwa,  assert  that  formerly 
there  lived  on  the  tfpper  plateau  of  the  mountain  mass  of  Mlanje  a  people  they, call 
Arungu,  or  '  gods,'  who  from  their  description  must  have  been  Bushmen.  Relics 
of  Bushman  occupation  have  been  found  in  the  neighbourhood  of  Lakes  Nyassa  and 
Tanganyika.  West  of  the  Irangi  plateau  in  German  East  Africa,  between  the 
steppes  occupied  by  the  Wa-Nyamwezi  and  the  Masai,  live  the  Wa-Sandawi,  a 
settled  hunting  people  who,  according  to  Baumann,  are  very  different  from  the  sur- 
rounding Bantu  peoples,  and  who  are  allied  to  the  more  primitive,  wandering, 
hunting  Wa-Nege,  or  Wa-Tindiga,  of  the  steppes  near  Usukuma.  They  use  the  bow 
and  poisoned  arrow.  Their  language,  radically  distinct  from  Bantu,  is  full  of 
those  strange  click  sounds  which  are  so  characteristic  of  Bushman  speech ;  but  Sir 
Harry  Johnston  says  that  he  does  not  know  if  any  actual  relationship  has  been 
pointed  out  in  the  vocabulary,  and  he  distinctly  states  that  the  Sandawi  are  not 
particularly  like  the  Bushmen  in  their  physique,  but  more  resemble  the  Nandi ;  and 
Virchow  declares  there  is  no  relationship  between  the  Wasandawi  and  the  Hot- 
tentot in  skull- form.  Until  further  evidence  is  collected,  one  can  only  say  that 
there  may  have  been  a  Bushman  people  here  who  have  become  greatly  modified 
by  intermixture  vdth  other  races.  Sir  Harry  Johnston  thinks  that  possibly  traces 
of  these  people  still  exist  among  the  flat-faced,  dwarfish  Doko,  who  live  to  the 
north  of  Lake  Stephanie,  and  he  is  inclined  to  think  that  traces  of  them  occur  also 
among  the  Andorobo  and  Elgunono. 

If  the  foregoing  evidence  should  prove  to  be  trustworthy,  it  would  seem  that 
at  a  very  early  time  the  Bushmen  occupied  the  hunting  grounds  of  tropical  East 
Africa,  perhaps  even  to  the  confines  or  Abyssinia.  They  gradually  passed  south- 
wards, keeping  along  the  more  open  grass  lands  of  the  eastern  mountainous  zone, 
where  they  could  stfil  preserve  their  hunting  method  of  life,  until,  when  history 
dawned  on  the  scene,  they  roamed  over  all  the  territory  south  of  the  Zambezi. 

NegriUoes, 

Material  does  not  at  present  exist  for  an  exhaustive  discussion  of  the  exact 
relationship  between  the  Bushmen  and  the  Negrilloes  of  the  equatorial  forests.  On 
the  whole  I  am  inclined  to  agree  with  Sir  Harry  Johnston,  who  says :  '  I  can  see 
no  physical  features  other  than  dwarfishness  which  are  obviously  peculiar  to  both 
Bushmen  and  Congo  Pygmies.  On  the  contrary,  in  the  large  and  often  protube- 
rant eyes,  the  broad  fiat  nose  with  its  exaggerated  alee,  the  long  upper  lip  and  but 
slight  degree  of  eversion  of  the  inner  mucous  surface  of  the  lips,  the  abundant  hair 
on  head  and  body,  relative  absence  of  wrinkles,  of  steatopygy,  and  of  high  pro- 
truding cheekbones,  the  Congo  dwarf  differs  markedly  from  the  Hottentot-Bushman 
type.'  Shrubsall  had  previously  stated :  '  For  the  present  I  can  only  say  that  the 
data  seem  to  me  too  insufficient  to  enable  the  affinities  of  the  various  pygmy  races 
to  be  clearly  demonstrated,  or  to  allow  of  much  significance  being  attached  to  any 
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npparent  resemblance.'  Deniker  also  draws  attention  to  the  physical  cuaractern 
that  distinguish  those  two  types,  and  he  concludes  that  *  nothing  justifies  their 
unification.' 

Hottentots, 

The  skin  of  the  Hottentots,  or  Ehoikhoi,  as  they  style  themselves,  is  of  a 
brownish-yellow,  with  a  tinge  of  grey,  sometimes  of  red ;  the  hair  is  very  similar 
to  that  of  the  Bushmen ;  the  average  stature  is  1.604  m.  (6  ft.  8  in.) ;  the  head 
is   small  and  distinctly  dolichocephalic  (74),  the  jaws  prognathic,  cheekbones 

Srominent,  and  chin  small.  Shrubsall,  who  has  investigated  the  oeteological  evi- 
ence,  says  no  hard-and-fast  line  can  be  drawn  from  craniological  evidence 
between  Hottentots  and  Bushmen  on  the  one  hand  and  Negroid  races  on  the 
other,  various  transitional  forms  being  found ;  but  Bushman  characteristics  un- 
doubtedly predominate  in  the  true  Hottentots. 

The  Hottentots  were  grouped  in  clans,  each  with  its  hereditary  chief,  whose 
authority,  however,  was  very  limited.  Several  clans  were  loosely  united  to  form 
tribes.  Their  principal  property  consisted  of  homed  cattle  and  sheep ;  the  former 
were  very  flkilfully  tramea.  The  dwellings  were  portable,  mat-covered,  dome- 
shaped  huts.  For  weapons  they  had  a  feeble  bow  with  poisoned  arrows,  but  they 
also  had  assagais  and  knobkerries,  or  clubbed  sticks  used  as  missiles;  coarse  pottery 
was  made.    They  were  often  described  as  mild  and  amiable. 

The  Hottentot  migration  from  the  eastern  mountainous  zone  took  place  very 
much  later  than  that  of  the  Bushmen,  and  it  seems  to  have  been  due  mainly  to 
the  pressure  from  behind  of  the  waxing  Bantu  peoples.  These  pastoral  nomads 
took  a  south- westerly  course  across  the  savanna  country  south  of  Lake  Tanganyika, 
and  worked  their  way  down  the  west  coast  and  along^the  southern  shore  of  the 
continent. 

What  is  now  Cape  Colony  was  inhabited  solely  by  Bushmen  and  Hottentots  at 
the  time  of  the  arrival  of  the  Europeans.    As  the  latter  expanded  they  drove  the 
aborigines  before  them,  but  in  the  meantime  mongrel  peoples  had  arisen,  mainly 
of  Boer-Hottentot  parentage,  who  also  were  forced  to  mi^ate.   Those  of  the  Cape 
Hottentots  who  were  not  exterminated  or  enslaved,  drifted  north  and  foimd  in 
Bushmanland  an  asylum  from  their  pursuers.    The  north-east  division  of  the 
Hottentots  comprises  the  Eoranna,  or  Goraqua ;  they  were  an  important  people, 
despite  the  fact  that  they  had  no  permanent  home.    They  migrated  along  the 
Orange  River — one  section  went  up  the  right  bank  of  the  Harts  and  the  other 
went  up  the  Vaal  till  they  were  deflected  by  the  Be-Chuana.    "When  the  Boers  in 
1858  were  engaged  with  the  Ba-Suto,  the  Koranna  devastated  the  Orange  Free  State, 
but  were  themselves  ultimately  destroyed.    The  original  home  of  the  Uriqua  was  in 
the  neighbourhood  of  the  Olifant  River ;  in  the  middle  of  the  eighteenth  century  the 
colonists  settled  in  the  land,  and  as  a  result  the  Griqua-Bastards  retreated  to  the 
east  under  the  leadership  of  the  talented  Adam  and  Cornelius  Eok.  They  adopted  the 
name  Giiqua  in  place  oi  the  earlier  one  of  Bastard ;  one  split  founded  Griqua  Town 
in  Griqualand  West,  but  the  other  went  further  east  and  eventually  settled  east  of 
the  Drakenaberg,  between   Natal  and  Basutoland,  and   occupied  the   country 
devastated  by  Ohaka's  wars.     Here  rose  the  chief  town,  Kokstadt,  in  Griqua- 
land East,  where  a  few  Griqua  still  live.    The  interesting  little  nation  of  the 
Bastards,  descendants  of  unions  between  Europeans,  mostly  Boers,  and  Hottentot 
women,  now  mixes  very  little  with  other  peoples.    They  were  forced  in  1868  to 
leave  their  home  in  Great  Bushmanland  owing  to  the  ravages  of  Bushmen  and 
Koranna,  and  finally,  after  various  wanderings  and  vicissitudes,  thev  settled  as 
four  communities  in  Great  Namaqualand,  in  German  territory,    mmaqualand 
is  too  infertile  to  attract  colonists,  and  thus  it  forms  an  asylum  for  expatriated 
Hottentots  as  well  as  for  the  Namaqua  division  of  the  Hottentots,  the  original 
inhabitants  of  the  country. 

True  Negroes. 

One  of  the  most  primitive  populations  of  Africa  is  that  of  the  true,  or  West 
African,  Negroes.  At  present  this  element  is  mainly  confined  to  the  Sudan  and 
the  Guinea  Coast.  Digitized  by   _    _    _  ^_  _ 
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The  main  physical  characteristics  of  the  true  Negro  are :  *  hlack '  skin,  woolly 
hair,  tall  stature,  ayeraging  about  1.730  in.  (5  ft.  8  in.),  moderate  dolichocepbaly, 
with  an  average  cephalic  index  of  74-75  ;  flat,  broad  nose,  thick  and  often  everted 
lips,  frequent  prognathism. 

West  African  culture  contains  some  characteristic  features.  The  natives  build 
ffable-roofed  huts ;  their  weapons  include  spears  with  socketed  heads,  hows  taper- 
ing at  each  end  with  bowstrings  of  vegetable  products,  swords  and  plaited  shields, 
but  no  clubs  or  sliop.  Among  the  musical  instruments  are  wooden  drums  and  a 
peculiar  form  of  guitar,  in  which  each  string  has  its  own  support.  Clothing  is  of 
hark-cloth  and  palm-flbre,  and  there  is  a  notable  preponderance  of  vegetable  oma^ 
ments.  Circumcision  is  common  and  the  knocxing  out  of  the  upper  incisors. 
With  regard  to  religion,  there  is  a  great  development  of  fetishism  and  incipient 
polytheistic  systems.  Colonel  Ellis  has  proved  in  a  masterly  manner  the  gradual 
evolution  of  religion  from  west  to  east  along  the  Guinea  Coast,  and  this  is 
associated  with  an  analogous  progress  in  the  laws  of  descent  and  succession  to 
property,  and  in  the  rise  of  government.  He  further  suggests  that  differences  in 
the  physical  character  of  each  country  in  question  have  played  a  great  part  in  this 
progressive  evolution.  Here  also  are  to  be  found  secret  societies,  masks  and 
representAtions  of  human  figures.  The  ordeal  by  poison  is  employed,  chiefly  for 
the  dlscoverv  of  witchcraft ;  anthropophagy  occurs.  The  domestic  animals  are  the 
dog,  goat,  pi^,  and  hen.  Cattle  are  absent  owing  to  the  tsetse  fly.  The  plants 
originiEilly  cultivated  were  beans,  gourds,  bananas,  and  perhaps  earth-nuts.  Coiled 
basketry  and  head-rests  are  absent. 

That  branch  of  the  true  Negro  stock  which  spake  the  mother-tongue  of  the 
Bantu  languages  some  3,000  years  ago  (accordiuff  to  Sir  Harry  Johnston  s  estimate) 
spread  over  the  area  of  what  is  now  Uganda  and  British  East  Africa.  In  the  Nile 
valley  these  people  |>rohablv  mixed  with  Negrilloes,  and  possibly  with  the  most 
northerly  representatives  of  the  Bushmen  in  the  high  lands  to  the  east.  Here 
also  they  came  into  contact  with  Ilamitic  peoples  coming  down  from  the  north,  and 
their  amalgamation  constituted  a  new  breed  of  Ne^o — the  Bantu.  We  have  already 
seen  what  are  some  of  the  more  important  physical  characteristics  of  the  Ne^ro, 
Negrillo,  and  Bushman  stocks ;  it  only  remains  to  note  in  what  particulars  they 
were  modified  by  the  new  blood. 

Hamites, 

The  Hamites  are  usually  regarded  as  the  true  indigenous  element  in  North 
Africa,  from  Morocco  to  Somaliland.  Two  main  divisions  of  this  stock  are 
generally  recognised :  (1)  the  Northern  or  Western  Hamites  (or  Mediterranean  Race 
of  some  authors),  of  which  the  purest  examples  are  perhaps  to  be  found  among 
the  Berbers ;  and  (2)  the  Eastern  Hamites  or  Ethiopians.  These  two  groups 
shade  into  each  other,  and  in  most  places  a  Negro  admixture  has  taken  place  to 
a  variable  extent  since  very  early  times.  Perhaps  these  two  groups  should  be 
entirely  separated ;  the  first  may  be  allocated  to  the  Mediterranean  Race,  and  the 
second  may  be  regarded  as  a  mixture  of  Semite  and  Negro,  to  which  the  tenn 
Hamite  might  with  advantage  be  restricted.  The  '  Hamites '  are  characterised  by 
a  skin-colour  that  varies  considerably,  being  white  in  the  west  and  various  shades 
of  coffee-hrown,  red-brown,  or  chocolate  in  the  east ;  the  hair  is  naturally  straight 
or  curly,  hut  usually  frizzly  in  the  east.  The  stature  is  medium  or  tall,  averaging 
about  1.670  m.  (5  it.  5}  in.)  to  about  1.708  m.  (5  ft.  7^  in.) ;  the  head  is  sub- 
dolichocephalic  (75-78) ;  the  face  is  elongated  and  the  profile  not  prognathous ; 
the  nose  prominent,  thin,  straight,  or  aquiline,  with  narrow  nostrils ;  lips  thin  or 
slightly  tumid,  never  everted. 

Bantu, 

Roughly  speaking,  the  whole  of  Africa  south  of  the  equator,  with  the  ex- 
oeption  of  the  dwindling  Bushman  and  Hottentot  elements,  is  inhabited  by 
Bantu-speaking  peoples,  who  are  extremely  heterogeneous,   but  who    exhibit 
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sufficient  similarities  in  physical  and  cultural  characteristics  to  warrant  their 
being  grouped  together :  the  true  Negro  may  be  regarded  as  a  race ;  the  Bantu 
are  mixed  peoples. 

It  will  be  noticed  that  as  a  rule  the  Bantu  approach  tbe  Hamites  in  those 
physical  characters  in  which  they  differ  from  the  true  Negroes,  and  owing  to  the 
fact  that  the  physical  characters  of  Semites  in  the  main  resemble  those  of  Hamites, 
any  Semitic  mixture  that  may  have  occurred  later  will  tend  in  the  same  direction 
as  that  of  the  Hamitic.  Tbe  diversity  in  the  physical  characters  of  the  Bantu  is 
due  to  the  different  proportions  of  mixture  of  all  the  races  of  Africa.  What 
we  now  require  is  a  thorough  investigation  of  these  several  elements  in  as 
pure  a  state  as  possible,  and  tnen  by  studying  the  various  main  groups  of  Bantu 
peoples  their  relative  amount  of  racial  mixture  can  be  determined. 

The  physical  characteristics  of  the  Bantu  vary  very  considerably.  The  skin 
colour  is  said  to  range  from  yellowish-brown  to  dull  slatey-brown,  a  dark  choco- 
late colour  being  the  prevalent  hue.  The  character  of  the  hair  calls  for  no  special 
remark,  as  it  is  so  uniformly  of  tbe  ordinary  Negro  type.  The  stature  ranges 
from  an  average  of  about  1.640  m.  (5  ft.  4^  in.)  to  about  1.715  m.  (5  ft.  7^  in.). 
Uniformity  rather  than  diversity  of  head-form  would  seem  to  be  the  great  cha- 
racteristic of  tho  African  black  races,  but  a  broad-headed  element  makes  itself  felt 
in  the  population  of  the  forest  zone  and  of  some  of  the  unper  waters  of  the  Nile 
Valley.  It  appears  that  the  broadening  of  tbe  head  is  due  to  mixture  with  the 
brachycephalic  Negrillo  stock,  for,  whereas  the  dolichooephals  are  mainly  of 
tall  suture,  some  of  the  brachycephals,  especially  the  Aduma  of  the  Ogowe, 
with  a  cephalic  iudex  of  80*8,  are  quite  short,  1.594  m.  (5  ft.  2}  in.).  The  cha- 
racter of  the  nose  is  often  very  useful  in  discriminating  between  races  in  a  mixed 
population,  but  it  has  not  yet  been  sufficiently  studied  in  Africa,  where  it  will 
probably  prove  of  considerable  value,  especially  in  the  determination  of  amount 
of  llamitic  or  Semitic  blood.  The  results  already  obtained  in  Uganda  are  most 
promising.  Steatopygy  is  not  notable  among  men;  fatty  deposits  are  well 
developed  among  women,  but  nothing  approaching  the  extent  characteristic  of 
the  Hottentots  and  Bushmen. 

It  appears  that  the  Bantu  peoples  may  be  roughlv  divided  according  to  culture 
into  two  groups :  a  western  zone,  which  skirts  the  West  African  region  or  Congo 
basin  and  extends  through  Angola  and  German  West  Africa  into  Uape  Colony ; 
and  an  eastern  zone.  (1)  The  western  Bantu  zone  is  characterised  oy  beehive 
huts,  the  absence  of  circumcision,  and  the  presence  of  wooden  shields  (plain  or 
covered  with  cane- work)  in  its  northern  portion,  though  skin  shields  occur  to  the 
south ;  (2)  In  the  eastern  Bantu  zone,  except  among  the  Zulu  peoples,  the  huts 
are  cylindrical,  with  a  separate  conical  roof.  - 

Certain  characteristics  are  typical  of  the  Bantu  culture.  The  natives  live  in 
rounded  hut^  with  pointed  roofe;  their  weapons  comprise  spears,  in  which  the 
head  is  fastened  into  the  shaft  by  a  spike,  bows  with  bowstrings  of  animal  pro- 
ducts, clubs  and  skin  shields,  but  slings  are  usually  absent;  the  clothing  is  of 
skin  and  leather,  and  there  is  a  predominance  of  animal  ornaments ;  knocking  out 
or  filing  incisors  is  general  except  in  the  south,  circumcision  is  common,  though 
among  the  Zulu  tribes  it  seems  to  be  dying  out ;  ancestor- worship  is  the  preva- 
lent form  of  religion,  fetishism  and  polytheism  are  undeveloped ;  masks  and  repre- 
sentations of  human  figures  are  rare,  and  there  are  no  secret  societies  ;  anthropo- 
phagy is  sporadic  and  usually  temporary  ;  the  domestic  animals  include  the  dog, 
goat,  and  sheep,  and  cattle  are  found  wheorever  possible ;  coiled  basketry  is  made, 
and  head -rests  are  a  characteristic  feature. 

M.  A.  de  Pr^viUe  has  drawn  a  broad  line  of  distinction  between  the  religion 
of  the  pastoral  Bantu  tribes  and  that  of  the  hunters  of  the  forest  belt.  The 
cattle-raisers  of  the  small  pastures  recognise  that  the  rain  and  necessary  moisture 
depend  on  an  invisible  and  supreme  power  whom  thev  invoke  in  his  location 
in  the  sky ;  his  intermediaries  are  the  rain-makers,  and  he  has  no  human  form, 
neither  are  there  idols  in  the  pantheon.  In  Central  Africa  there  is  more  than 
sufficient  rain,  but  rain  is  of  little  importance  to  the  hunter.  What  he  requires 
is  to  find  game,  to  be  able  to  capture  it  and  to  avoid  danger ;  the  '  medicine- men  ' 
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are  not  so  mueb  rain-makers,  as  makers  of  talismans,  amulets,  philtres,  and  cbarms 
to  attract  the  game  and  to  ensure  its  capture.  The  mysterious  depths  of  the  forest, 
in  the  impenetrable  thickets  of  which  death  may  lurk  at  each  step,  and  the  isola- 
tion whicn  results  in  social  disorganisation,  incline  the  hunter  to  superstitious 
terrors.  Pasturage  is  governed  by  natural  impersonal  forces,  but  hunting  is 
individual  and  personal.  Further,  associated  with  the  mobile  pastoral  life  of  the 
Bantu  is  the  patriarchal  system  of  family  life,  respect  and  veneration  for  old  age, 
and  the  autocracy  of  the  chief;  no  wonder,  then,  that  ancestor- worship  has 
developed,  or  that  it  is  the  chief  factor  In  the  religious  life  of  these  people,  and  has 
to  a  variable  degree  replaced  the  antecedent  totemism. 

As  I  have  previously  indicated,  there  is  evidence  of  the  former  extension  to 
the  north  of  the  Hottentots  and  the  Bushmen,  they  having  gradually  been  Dressed 
first  southwards  and  then  iuti»  the  steppes  and  deserts  of  South  Africa  by  the 
southerly  drifting  of  the  Bantu. 

The  mixture  of  Hamite  with  Negro,  which  gave  rise  to  the  primitive  Bantu  stock, 
may  have  originated  somewhere  to  the  east  or  north-east  of  the  Victoria  Nyanza. 
A  factor  of  great  importance  in  the  evolution  of  the  Bantu  is  to  be  found  in 
the  great  diversity  of  climate  and  soil  in  Equatorial  East  Africa.  It  is  a  country 
of  small  plateaus  separated  by  gorges,  or  low-lying  lands.  The  small  plateaus  are 
suitable  for  pasturage,  but  their  extent  is  limited  ;  thus  they  fell  to  the  lot  of  the 
more  vigorous  people,  while  the  conquered  had  to  content  themselves  with  low 
country,  and  were  obliged  to  hunt  or  cultivate  the  land.  In  these  healthy  high- 
lands the  people  multiplied,  and  migration  became  necessary ;  the  stronger  and 
better-organised  groups  retained  their  flocks  and  migrated  in  a  southerly  direction, 
keeping  to  the  savannas  and  open  country,  the  line  of  least  resistance  being  indicated 
by  the  relative  social  feebleness  of  the  peoples  to  the  south.  In  the  small  plateaus 
a  nomadic  life  is  impossible  for  the  herders,  there  being  at  most  a  seasonal  change 
of  pasturage ;  this  prevents  the  possession  of  large  herds  and  necessitates  a  certain 
amount  of  tillage ;  further,  it  would  seem  that  this  mode  of  life  tends  to  develop 
military  organisation  and  a  tribal  system. 

No  materials  at  present  exist  for  any  attempt  at  a  history  of  this  stage  of  the 
Bantu  expansion,  but  from  what  we  know  of  tne  great  folk- wanderings  in  South 
Africa  during  the  first^half  of  the  nineteenth*century,  and  of  the  effects  of  the 
southerly  migration  of  the  Masai,  we  can  form"  some  estimate  of  what  may  have 
happened  earlier  in  Equatorial  Africa. 

Lichtenstein  lived  among  the  Be-Ohuana  in  1805,  and  from  that  date  begins 
our  knowledge  of  the  Bantu  peoples.  Dr.  G.  M.  Theal,  the  learned  historian 
of  South  Africa,  Dr.  K.  Barthel,  and  Mr.  G.  W.  Stow,  whose  valuable  book  has 
just  appeared,  have  made  most  careful  studies  of  folk-wanderings  in  South  Africa, 
based  upon  the  records  of  the  explorers  of  the  past  hundred  years ;  we  scarcely 
have  trustworthy  accomits  of  the  movements  of  the  various  tribes  for  a  long[er 
period,  and  oral  traditions  of  the  natives,  though  in  the  main  correct,  require 
careful  handling.  The  nature  of  the  country  is  such  that  it  affords  more  than 
ordinary  facilities  for  migrations,  and  the  general  absence  of  great  geographical 
barriers  prevents  ethnical  differentiation. 

The  Bantu  peoples  of  Southern  Africa  may  conveniently  be  classified  in  three 
main  groups : — 

(1)  The  Eastern  tribes,  composed  of  the  Ama-Zulu^  Ama-Xosa,  &c. 

(2)  The  Central  tribes,  consisting  of  the  Be-Chuana,  Ba-Suto,  Ma-Shona,  &c. 

(3)  The  Western  tribes,  such  as  the  Ova-Mpo  and  Ova-Uerero, 

(I)  The  Ama-Zulu  and  Ama-Xosa  are  respectively  the"  northern  and  soutiiern 
branches  of  a  migration  down  the  east  coast,  that,  according  to  some  authorities, 
took  place  about  the  fifteenth  century.  [I'he  Ama-Xosa  never  overstepped  the 
Drakensberg  range,  but  there  have  been  northerly,  and  more  especially  southerly 
movements :  the  Ama-Xosa,  for  example,  extended,  about  1800,  as  far  as  Kaaimans 
Itiver,  Mossel  Bay,  but  in  1885  they  were  pressed  back  by  the  colonists  to  the 
Great  Fish  Uiver!^ 

The  Ama-Zulu  have  occupied  the  east  coast,  north  of  the  Tugela,  for  a  long  period, 
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and  allied  tribes  extend  as  far  aa  the  Zambezi ;  indeed,  it  may  be  said  that  a  com- 
plete chain  of  Zulu  peoples  stretdies  up  to  the  neighbourhood  of  the  equator,  the 
more  open  country  in  which  they  live  giving  greater  opportunities  for  expansion. 
The  wonderful  rise  to  power  of  Ohaka  Q78^1828)  caused  great  movements  of 
peoples  to  take  place.  The  Ama-Ngwana  (who  drove  the  Ama-Hlubi  before  them) 
and  other  groups  fled  southward  to  escape  from  the  tyranny  of  this  great  warrior. 
The  conquerors  applied  to  these  scattered  remnants  of  tribes  the  contemptuous 
term  '  Fmgu/  or  nomeless  fugitives,  and  turned  them  into  slaves  and  cattle-tenders. 
The  Ama-Ndabili  (Matabele),  to  the  number  of  some  60,000  individuals,  separated 
from  the  parent  stock  about  1817,  under  the  leadership  of  the  terrible  Moeelekatze 

fUmsilikazi),  whose  fame  as  an  exterminator  of  men  ranks  second  only  to  that  of 
)haka ;  they  crossed  the  Drakensberg  and  went  north-west  through  the  Transvaal, 
scattering  the  settled  Be-Chuana  peoples.  They  were  attacked  by  the  Boers,  who 
defeated  them  with  terrible  slaughter,  and  withdrew  to  the  Zambezi,  but  were 
driven  south  by  the  tsetse  fly.  They  encountered  the  Ma-Kalanga  (Ma-Kalaka) 
and  destroyed  tneir  villages,  drove  out  the  Ma-Shona  to  the  north-east,  and  settled 
in  Mashonaland. 

(2)  The  great  central  region  of  the  South  African  plateau,  roughly  known  as 
Bechuanaland,  was  very  early  occupied  by  Bantu  peoples  coming  mm  the  north, 
who  displaced  or  reduced  to  servitude  the  indigenous  Bushmen.  As  Professor 
Keane  points  out,  the  Be-Chuana  (Ba-Choana)  must  have  crossed  the  Zambezi  from 
the  north  at  a  very  early  date,  because  of  all  the  South  Buitu  groups  they  alone 
have  preserved  the  totemic  system.  Among  the  first  to  arrive,  according  to  him, 
appear  to  have  been  the  industrious  Ma-Shona  and  Ma-Kalanga.  For  three  hun- 
dred years,  according  to  native  tradition,  the  Ma-Kalanga  own^  the  land  between 
the  Limpopo  and  the  Zambezi,  and  then  came  the  Ba-Kotse  (who  appear  to  be 
allied  to  the  Oongo  Bantu)  and  conquered  them.  A  section  of  the  latter  founded  a 
powerful  so-calldl  Ba-Rotse  (Ma-Rotse)  empire  on  the  Middle  Zambezi  above  the 
Victoria  Falls.  At  the  beginning  of  the  nineteenth  century  a  Ba-Hurutse  dynasty 
ruled  over  the  Be-Chuana ;  as  these  people  expanded  they  broke  ofl'into  clans,  and 
extended  between  the  Orange  River  and  the  Zambezi,  and  from  the  Kathlamba,  or 
Drakensberg  chain,  to  the  Kalahari  Desert. 

The  densely  populated  country  west  of  the  Drakensberg  now'knownjas  Basuto- 
land  was  subjected  to  great  devastation  as  a  result  of  Chaka's  tyranny.  In  1822 
a  tribe  fleeing  from  the  Zulus  set  up  the  first  of  these  disturbances,  and  the 
attacked  became  the  attackers  in  tbeir  turn.  One  hoide,  tlie  Mantati  (Mantiti), 
under  the  amazon  Ma-Ntatesi,  are  credited  with  having  wiped  out  twenty -eight 
tribes :  they  were  eventually  defeated  by  the  Ba-Ngwaketsi  and  scattered  by  the 
Griqua.  The  Ma-Kololo,  a  group  allied  to  the  Mantati,  led  by  Sebituane,  in  1823 
aimed  at  reaching  the  district  of  the  Chobe  and  Zambezi,  where  he  had  heard  that 
it  was  always  spring.  After  conquering  the  Ba-Kuena,  Ba-Hurutse,  and  other 
kindred  tribes  and  increasing  their  forces  from  the  conquered  peoples,  they  crossed 
the  Zambezi  and  the  uplands  stretching  to  the  Kafukwe,  and  settled  in  those 
fertile  pasture  lands  about  1835.  Disturbed  by  the  Matabele,  Sebituane  passed 
through  the  Barotse  Valley,  followed  by  the  Matabele  and  the  Ba-Toka,  a  tribe  of 
the  Ba-Rotse.  He  put  the  former  to  flight  and  subjugated  the  latter.  Thus 
Sebituane  led  his  people  a  journey  of  over  2,000  miles  to  reach  their  Promised 
Land.  Under  Sekeletu,  Sebituane  s  successor,  the  state  began  to  fall  to  pieces, 
and  after  his  death  the  Ba-Rotse  revolted,  and  practically  exterminated  the  Ma- 
Kololo.  The  rehabilitated  Ba-Rotse  empire  comprises  an  area  of  some  250,000 
square  miles  between  the  Chobe  and  Kafukwe  afliuents  of  the  Zambezi.  Professor 
Keane  draws  attention  to  the  instructive  fact  that  though  the  Ma-Kololo  have 
perished  from  among  the  number  of  South  African  tribes,  their  short  rule  (1835- 
1870)  was  long  enough  to  impose  their  language  upon  the  Ba-Rotse,  and  to  this 
day,  about  the  Middle  Zambezi,  where  the  Ma-Kololo  have  disappeared,  their 
speech  remains  the  common  medium  of  intercourse  throughout  the  Bap-Rotse 
empire.  The  consolidation  of  the  BarSuto  under  the  astute  Moshesh  is  an  instruc- 
tive episode  in  the  history  of  the  South  African  races.  The  Ba-Mangwato  are  the 
most  miportant  branch  of  the  independent  Be-Chuana  peoples,  and  have  made 
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coDsiderable  progress  under  the  wise  guidance  of  the  enlightened  Khauia ;  they  are 
an  industrious  people,  and  have  exceptional  skill  in  wormng  iron. 

Acoordinj^  to  Mr.  G.  VV.  Stow  (whose  spelling  is  here  adopted),  there  were 
three  main  migrations  of  the  Central  Bantu,  or  Bachoana :  (i)  The  pioneer  tribes 
of  the  southward  mi^gration  into  the  ancient  Bushman  hunting  grounds  were  the 
Leffhoya,  Bakalahari,  and  those  who  intermarried  with  the  Bushmen  to  form  the 
Balala  and  Bachoana  Bushmen ;  (ii)  the  tribes  of  the  second  period  of  the  Bachoana 
migration  were  the  Batlapin  and  Barolong ;  (iii)  the  great  Bakuena  or  Bakone 
tribes  were  the  most  civilised  of  the  Bantu  peoples :  they  consisted  of  the  Bahu- 
rutse,  Batlaru,  Bamangwato,  Batauana,  Bangwaketse,  and  the  Bakuena,  who  were 
the  wealthiest  and  most  advanced  of  all  until  they  were  reduced  by  the  Mantali 
and  destroyed  by  the  Matabele. 

(3)  Turning  for  a  moment  to  German  South-west  Africa  we  find  the  Bastards 
to  the  south,  and  north  of  them  the  Haukoin  or  Mountain  Damara,  who  are  now 
practically  a  pariah  people,  subject  to  the  Hottentots,  Bastards,  Ova-Heroro,  and 
the  white  man.  It  is  possible  that  these  are  of  Negro  rather  than  of  Bantu 
origin ;  in  mode  of  life,  save  for  their  talent  for  agriculture,  they  are  Bushmen  ; 
in  their  speech  they  are  Hottentots,  but  their  colour  is  darker  than  that  of  their 
neighbours.  Somewhere  from  Eastern  South  Africa,  possibly  about  a  hundred  years 
ago,  came  the  Ova-Herero,  or  the  Merry  People,  who,  like  the  rest  of  the  Bantu, 
are  warlike  cattle-breeders,  with  wandering  proclivities,  but  they  are  not  agricul- 
turists. When  they  arrived  in  the  Kaoko  district  they  drove  the  Haukoin  to 
the  south,  together  with  the  Toppnaers  (Aunin)  and  Bushmen.  To  the  north  of 
the  Ova-Herero  are  the  agricultural  Ova-Mpo. 

Speaking  generally,  the  direction  of  ethnic  migration  in  South  Africa  has 
been  southerly  in  the  south-east :  the  sea  blocked  an  eastern  expansion  and  the 
Drakensberg  a  western ;  only  the  Matabele  went  westward  of  this  range  to  the 
north.  In  the  central  district  the  Be-Chuana  parent  stock  dispersed  in  various 
directions  ;  most  of  the  movements  were  towards  the  north,  but  the  Mantati  and 
Ba-Suto  went  south-easterly.  In  the  west  the  Gape  Hottentots  always  retreated 
from  the  colonists  towards  the  north,  the  Bastards  and  other  tribes  followed  the 
same  direction,  the  causes,  as  Barthel  points  out,  being  obvious ;  to  the  east  is  the 
Kalahari,  on  the  west  is  the  sea,  from  the  south  came  the  pressure  of  the  Boers. 
Finally,  right  across  South  Africa  we  have,  from  west  to  east,  the  Eoranna,  Griqua, 
and  Boer  wanderings  in  the  south ;  and  in  the  north,  from  east  to  west,  the  wan- 
derings of  the  Hottentots,  Ova-Herero,  and  recently  the  trek  of  the  Boer  emigrants 
from  the  Transvaal. 

South  Africa  has  thus  been  a  whirlpool  of  moving  humanity.  In  this  brief 
summary  I  have  been  able  to  indicate  only  the  main  streams  of  movement:  there 
have  been  innumerable  cross-currents  which  add  complexity  to  this  bewildering 
history,  and  much  patient  work  is  necessary  before  all  these  complications  can  be 
unravelled  and  their  meaning  explained. 

When  one  takes  a  birdVeye  view  of  the  ethnology  of  South  Africa,  certain 
main  sociological  facts  loom  out  amongst  all  the  wealth  of  varied  detail. 

The  earliest  inhabitants  of  whom  we  have  any  definite  information  were  the 
dwarf  Bushmen,  who  undoubtedly  represent  a  primitive  variety  of  mankind.  In  a 
land  abounding  with  game  they  devoted  themselves  entirely  to  the  chase,  supple- 
menting their  diet  with  fruit  and  roots.  This  mode  of  life  necessitates  nomadic 
habits,  the  absence  of  property  entails  the  impossibility  of  gaining  wealth,  and 
thereby  relieving  part  of  the  population  from  the  daily  need  of  procuring  food ; 
this  absence  of  leisure  precludes  the  elaboration  of  the  arts  of  life.  A  common  effect 
of  the  nomadic  hunting  life  is  the  breaking-up  of  the  community  into  small 
groups ;  the  boys  can  soon  catch  their  own  game,  hence  individualism  triumphs 
and  parental  authority  is  apt  to  be  limited.  Social  control  is  likely  to  be  feeble 
unless  the  religious  sentiment  is  developed,  and  certainly  social  organisation  will 
be  very  weak.  In  an  open  country  abounding  with  game  the  case  is  somewhat 
different,  and  there  is  reason  to  believe  that  in  early  days  the  Bushmen  were 
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divided  into  a  number  of  large  tribes,  occupying  tolerably  well-defined  tracts  of 
country,  each  being  under  the  jurisdiction  x>f  a  paramount  chief.  The  tribes 
-were  subdivided  into  groups  under  captains.  They  showed  great  attachment  and 
loyalty  to  their  chiefs,  and  exhibited  a  passionate  love  for  their  country.  For 
hundreds  of  years  these  poor  people  have  been  harried  and  their  hunting  ^unds 
taken  away  from  them,  and  hence  we  must  not  judge  the  race  by  the  nuserable 
anarchic  remnant  that  still  persists  in  waste  places.  Nomad  hunters  do  not  pro- 
gress far  in  civilisation  b^  their  own  efforts,  nor  are  they  readily  amenable  to 
enforced  processes  of  civ'disation.  Invariably  they  are  pushed  on  one  side  or 
exterminated  by  peoples  higher  in  the  social  scale. 

When  the  written  history  of  South  Africa  begins  we  find  the  Bushmen  already 
being  encroached  upon  by  the  Hottentots,  who  themselves  sprang  from  a  very  early 
cross  of  Hamite  with  Bushmen.  Oulturally,  as  well  as  physically,  they  may 
be  regarded  as  a  blend  of  these  two  stocks.  They  combined  the  cattle-rearing 
habits  of  the  Hamite  with  the  aversion  from  tillage  of  the  soil  characteristic  of  the 
hunter;  they  became  nomadic  herders,  who  were  stronger  than  the  Bushmen, 
but  who  themselves  could  not  withstand  the  Bantu  when  thev  came  in  contact 
with  them,  and  tbey  too  were  driven  to  less  favourable  lands  and  became 
enslaved  by  the  invaders.  All  gradations  of  mixture  took  place  till  lusty  uncon- 
taminated  Bantu  folk  forced  their  way  into  the  most  desirable  districts.  Still  less 
could  the  Hottentots  prevail  against  the  colonists ;  their  improvidence  was  in- 
creased by  alcohol,  and  their  indifierence  to  the  possession  of  land,  due  to  their 
inherent  love  of  wandering,  completed  their  ruin. 

The  Bantu  were  cattle-rearers  who  practised  agriculture.  The  former  industry 
probably  was  transmitted  from  their  Hamitic  forefathers,  who  were  herdsmen  on 
the  grassy  uplands  of  north-eastern  Africa,  while  the  latter  aptitude  was  probably 
due  in  part  to  their  negro  ancestry.  This  duality  of  occupation  led  to  variability 
in  mode  of  life.  In  some  places  the  land  invited  the  population  towards  hus- 
bandry, in  others  the  physical  conditions  were  more  suited  to  a  pastoral  life,  and 
thus  we  find  the  settled  Ba-Honga  on  the  one  hand  and  the  wandering  Ova-Herero 
on  the  other.  The  Bantu  peoples  easily  adopt  changes  of  custom ;  under  the 
leadership  of  a  warlike  chief  they  become  warlike  and  cruel,  a  common  character- 
istic of  pastoral  peoples,  while  it  is  recorded  that  many  of  the  Matabele,  taken 
prisoners  by  the  Ba-Rotse,  settled  down  peacefully  to  agriculture.  The  history  of 
the  prolific  Bantu  peoples  on  the  whole  indicates  that  they  were  as  loosely  at- 
tached to  the  soil  as  were  the  Ancient  Germans,  and  like  the  latter,  at  the  slightest 
provocation,  they  would  abandon  their  country  and  seek  another  home.  This 
readiness  to  migrate  is  the  direct  effect  of  a  pastoral  life,  and  along  with  this 
l^acy  of  unrest  their  Hamitic  ancestors  transmitted  a  social  organisation  which 
lent  itself  to  discipline.  These  were  the  materials,  so  to  speak,  readv  to  hand 
when  organisers  should  appear.  Nor  have  such  been  lacking,  lor  such  names  as 
Dingiswayo,  Chaka,  Dingan,  Moselekatze,  Lobengula,  Moshesh,  Sebituane,  Cete- 
wayo,  and  others  are  writ  large  in  the  annals  of  South  Africa ;  and  the  statesman 
Khama  is  an  example  of  what  civilisation  can  do  to  direct  this  executive  ability 
into  proper  channels. 

Archceology, 

The  archsBology  of  South  Africa  is  now  attracting  considerable  local  interest, 
and  we  may  confidently  expect  that  new  discoveries  will  soon  enable  us  to  gain 
some  insight  into  the  dense  obscurity  of  the  past.  It  cannot  be  too  strongly 
insisted  upon  that  the  methods  of  the  arcbsBologist  should  be  primarily  those  of 
the  geologist.  Accurate  mapping  of  deposits  or  localisation  of  finds  is  absolutely 
necessary.  The  workmanship  of  an  implement  is  of  little  evidential  value:  the 
material  of  which  it  is  made  may  be  refractory,  the  skill  of  the  maker  may  be  im- 
perfect, or  he  may  be  satisfied  with  producing  an  implement  just  sufficient  for  his 
immediate  need ;  and  there  is  always  a  chance  that  any  particular  specimen  may 
be  simply  a  reject.  The  earlv  generalisation  of  implements  in  England  into  two 
groups,  Palfedlithic  and  Neolithic,  expressed  a  fact  of  prime  importance,  but  now 
the  classification  has  extended.    It  is  obvious  that  the  shapely  palesoliths  of  the 
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older  gravels  could  not  have  been  the  first  attempts  at  implement  making  by  our 
forefathers,  and  the  presumed  hiatus  between  the  two  epochs  has  been  bridfced  over 
by  evidence  from  sites  on  the  European  mainland.  Our  knowledge  is  increasing 
apace  and  an  orderly  sequence  is  emerging,  but  there  are  many  interesting  varia- 
tionSy  and  even  apparent  setbacks,  in  the  evolution  of  industrial  or  artistic  skill. 
In  a  word,  se:}uence  and  technique  must  not  be  confounded,  and  our  first  business 
should  be  to  establish  the  former  on  a  firm  basis;  but,  as  I  have  iust  remarked, 
this  can  be  accomplished  only  by  adhering  rigidly  to  the  stratigraphical  methods  of 
the  geologist.  It  would  probably  be  to  the  interest  of  South  African  archaeology 
if  the  terms  ^  Eolithic,'  'Palaeolithic,'  and  'Neolithic  *  were  dropped,  at  all  events 
(br  the  present,  or  restricted  solely  to  type  of  technique ;  and  it  might  prove  ad- 
vantageous if  provisional  terms  were  employed,  which  could  later  on  be  either  rati- 
fied or  abandoned,  as  the  consensus  of  local  archaeological  opinion  should  decide. 

In  certain  lands  of  the  Old  World,  north  of  the  Equator,  there  was  a  progres- 
sive evolution  from  the  Stone  Ages,  through  a  copper  and  a  bronze  age,  to  that  of 
iron ;  but  the  stone-workers  of  South  Africa  appear  to  have  been  introduced  to 
iron-smelting  without  having  passed  through  the  earlier  metal  phases,  since  the 
occurrence  of  copper  implements  is  too  limited  to  warrant  the  behef  that  it  repre- 
sents a  definite  phase  of  culture.  The  similarity  of  the  processes  employed  in 
working  iron  by  the  difierent  tribes  of  Africa,  south  of  the  Equator,  indicates  that 
the  culture  was  introduced  from  without,  a  conclusion  which  is  supported  by  the 
universal  use  of  the  double  bellows — a  similar  instrument  is  in  use  in  India  and  in 
the  Ea.st  Indian  Archipelago.  Some  ethnologists  hold  that  Africa  owes  to  India  its 
iron  industry  and  other  elements  of  culture,  as  well  as  the  introduction  of  the  ox, 
)i^,  and  fowl.  At  all  events,  we  shall  probably  not  be  far  wrong  if  we  assign  a 
!air  degree  of  antiquity  to  the  knowledge  of  iron  in  tropical  and  southern  Africa. 

The  characteristic  metal  of  South  Africa  is  gold,  and  its  abundance  has  had  a 
profound  effect  on  the  country.  We  cannot  tell  when  it  was  first  discovered  or  by 
whom,  but  the  hundreds  of  ruins  scattered  over  a  large  extent  of  country,  and  the 
very  extensive  ancient  workings,  testify  to  the  importance  and  the  long  continuance 
of  this  industry.  It  is  greatly  to  be  deplored  that  in  the  past  irresponsible  prospec- 
tors have  been  permitted  to  rifle  the  ancient  ruins  for  gola,  with  the  result  that  not 
only  have  very  numerous  specimens  of  ardhaeological  interest  been  cast  into  the 
melting-pot,  but  at  the  same  time  collateral  evidence  has  been  destroyed,  and  thus 
valuable  data  lost  to  science.  Even  now  the  situation  is  not  without  its  dangers,  for 
the  recently  awakened  interest  in  the  ruins,  and  appreciation  of  their  historical  value, 
may  lead  to  unconsidered  zeal  in  excavation.  After  all,  there  is  no  especial  hurry; 
what  is  perishable  has  long  ago  decayed,  and  so  long  as  the  ruins  are  sealed  up  by 
the  rubbish  that  preserves  them,  no  great  harm  can  accrue,  but  a  few  hours  of 
careless  excavation  may  destroy  more  archaeological  evidence  than  centuries  of 
neglect.  Therefore  it  would  be  advisable  for  those  in  authority  to  consider  care- 
fully whether  it  is  wise  to  lay  bare  now  sites,  unless  proper  examination  and  pre- 
servation can  be  ensured.  The  number  of  the  ruins  in  Rhodesia  is  so  great,  and 
the  area  within  which  they  occur  so  enormous,  that  it  would  be  a  very  large 
undertaking  for  the  Government  systematically  to  investigate  and  permanently  to 
conserve  them  all.  Perhaps  it  would  be  possible  to  entrust  some  of  this  work  to 
properly  constituted  local  authorities,  assisting  them  by  grants  and  special  facilities, 
but  care  would  have  to  be  taken  to  ensure  the  thorough  carrying  out  of  the  work. 
Records  of  work  done  should'  be  published,  and  the  specimens  preserved  in 
authorised  museums  only.  It  is  desirable  also  that  every  rum  should  De  scheduled 
under  an  Ancient  Monuments  Protection  Act,  and  that  an  Inspector  or  Curator  of 
Ancient  Monuments  should  be  appointed,  who  w^ould  be  responsible  for  the  excava- 
tion and  preservation  of  all  the  monuments.  To  a  less  extent  these  remarks  apply 
also  to  other  parts  of  South  Africa.  All  relics  of  the  past,  such,  for  example,  aa 
the  pictographs  in  the  rock-shelters  of  the  Bushmen,  should  be  jealously  preserved 
and  guarded  from  intentional  or  unwitting  injury. 

I  trust  my  South  African  colleagues  will  forgive  me  if  I  have  appeared  too 
much  in  the  character  of  a  mentor.     I  have  endeavoured  to  present  a  general 
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view  of  the  anthxopoloffical  situation  in  South  Africa^  without  bordeniDg  my 
remarks  witJi  details,  and  at  the  same  time  I  have  made  bold  to  publish  some  of 
the  conclusions  which  this  survey  has  suggested ;  but  there  are  other  points  on 
which  I  feel  constrained  to  touch. 

Recently  Sir  Richard  Temple  delivered  an  Address  on  '  The  Practical  Value  of 
Anthropology/  in  the  course  of  which  he  said :  *  We  often  talk  in  Greater  Britain  of 
a  ''good''  magistrate  or  a  ''sympathetic"  judge,  meaning  thereby  that  these 
otficials  determine  the  matters  biefore  them  with  iusight ;  that  is,  with  a  working 
anthropological  knowledge  of  those  with  whom  they  have  to  deal.  ...  It  is, 
indeed,  everything  to  him  to  acquire  the  habit  of  useful  anthropological  study 
before  he  commences,  and  to  be  able  to  avail  himself  practically  and  intelligently 
of  the  facts  gleaned,  and  the  inferences  drawn  theiefrom,  by  those  who  have  g;one 
before  him.  .  .  .  Take  the  universally  delicate  questions  of  revenue  and  taxation, 
and  consider  how  very  much  the  successful  administration  of  either  depends  on  a 
minute  acquaintance  with  the  means,  habits,  customs,  manners,  institutions, 
traditions,  prejudices,  and  character  of  the  population.  In  the  making  of  laws  too 
close  a  knowledge  of  the  persons  to  be  subjected  to  them  cannot  be  possessed,  and 
however  wise  the  laws  so  made  may  be,  their  object  can  be  only  too  easily 
frustrated  if  the  rules  they  authorise  are  not  themselves  framed  with  an  equally 
great  knowled^  and  thev  in  their  turn  can  be  made  to  be  of  no  avail  unless  an 
intimate  acquaintance  with  the  population  is  brought  to  bear  on  their  administra- 
tion. For  the  administrator  an  extensive  knowl^ge  of  those  in  his  charge  is  an 
attainment,  not  only  essential  to  his  own  success,  but  beneficial  in  the  nighest 
degree  to  the  country  he  dwells  in,  provided  it  is  used  with  discernment.  And 
discernment  is  best  acquired  bv  the  "  anthropologicfd  habit.''  .  .  .  The  habit  of 
intelligently  examining  the  peoples  among  whom  his  business  is  cast  cannot  be  over- 
rated by  the  merchant  wiidiirig  continuously  to  widen  it  to  profit ;  but  the  man  who 
has  been  obliged  to  ac(]uire  tlus  kind  of  knowledge  without  any  previous  training 
in  observation  is  heavily  handicapped  in  companson  with  him  who  has  acquired 
the  habit  of  right  observation,  and,  what  is  of  much  more  importance,  has  been 
put  in  the  way  of  righdy  interpreting  his  observations  in  his  youth.' 

In  referring  to  civil- servants,  missionaries,  merchants,  or  soldiers,  Sir  Richard 
Temple  went  on  to  say :  '  Svmpathy  is  one  of  the  chief  factors  in  successful  dealings 
of  any  kind  with  human  beings,  and  sympathy  can  onl^  come  with  knowledge. 
And  not  only  does  sympathy  come  of  knowledge,  but  it  is  knowledge  that  begets 
sympathy.  In  a  long  experience  of  alien  races,  and  of  those  who  have  had  to 
govern  and  deal  with  them,  all  whom  I  have  known  to  dislike  the  aliens  about 
them,  or  to  be  unsympathetic,  have  been  those  that  have  been  ignorant  of  them  ; 
and  I  have  never  yet  come  across  a  man  who  really  knew  an  alien  race  that  had  not, 
unless  actuated  by  race-jealousy,  a  strong  bond  of  sympathy  with^  them. 
Familiarity  breeds  contempt,  but  it  is  knowledge  that  breeds  respect,  and  it  is  all 
the  same  whether  the  race  be  black,  white,  yellow,  or  red,  or  whether  it  be 
cultured  or  ignorant,  civilised  or  semi-civilised,  or  downright  savage.' 

I  have  quoted  at  length  from  Sir  Richard  Temple,  as  the  words  of  an  ad- 
ministrator of  his  success  and  experience  must  carry  far  greater  weight  than 
anything  I  could  say.  I  can,  however,  add  my  personal  testimony  to  the  truth  of 
these  remarks,  as  Ibave  seen  Britons  administering  native  races  on  these  lines  in 
British  New  Guinea  and  in  Sarawak,  and  I  doubt  not  that  I  shall  now  have  the 
opportunity  of  a  similar  experience  in  South  Africa. 

In  this  connection  I  ought  to  refer  to  what  has  been  already  done  in  South 
Africa  by  the  Government.  In  the  year  1880  the  Government  of  Cape  Colony, 
confronted  by  the  problem  of  dealing  with  the  natives,  appointed  a  Commission  to 
inquire  into  the  native  laws  and  customs  which  obtained  in  the  territories  annexed 
to  the  Colony,  especially  those  relating  to  marriage  and  land-tenure,  and  to  suggest 
legislation,  as  well  as  to  report  on  the  advisability  of  introducing  some  system  of 
local  self-fi^ovemment  in  the  native  territories  annexed  to  the  Colony.  The  example 
was  shortly  afterwards  followed  by  the  Government  of  Natal,  which  had  native 
problems  of  its  own.  These  two  Commissions  collected  and  published  a  consider- 
able amount  of  evidence,  valuable  not  only  for  the  immediate  purpose  j^  view,  but 
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also  for  the  purposes  of  science.  Before  the  late  war  came  to  a  close  the  Anthro* 
pological  Institute  of  Great  Britain  and  Ireland  and  the  Folklore  Sodety  addrttsed 
to  Mr.  Chamberlaini  then  Colonial  Secretary,  a  memorial  praying  that  on 
the  conclusion  of  peace  a  similar  Commission  should  be  issued  to  inquire 
into  the  customs  and  institutions  of  the  native  tribes  in  the  Transvaal  and 
the  Orange  River  Colony,  and,  with  a  view  to  the  accomplishment  of  more 
directly  scientific  ends,  praying  that  at  least  one  anthropologist  of  eminence 
unconnected  with  South  Africa  should  be  included  in  the  Commission.  The 
prayer  of  the  Memorialists  was  bluntly  refused.  When,  however,  in  the  course 
of  reorganisation  of  the  administration,  a  conference  was  held  at  Bloemfontein  in 
1902  of  the  Ministers  of  the  various  colonies,  protectorates,  and  territories,  to 
discuss  native  affairs,  they  found  themselves,  in  the  words  of  Sir  Godfrey  Lagden, 
'  much  confused  because  the  laws  and  the  conditions  of  all  the  colonies  were 
different.'  This  was  ezactlv  what  the  Memorialists  had  told  Mr.  Chamberlain. 
So  the  conference  determined  on  the  appointment  of  a  Commission  of  Inquiry,  which 
was  issued  in  due  course  by  Lord  Milner  in  September  1903,  and  reported  on 
January  80  last  The  evidence  taken  by  this  Commission,  as  well  as  that 
taken  by  the  previous  Commissions,  is  of  a  very  valuable  character.  But, 
like  those  Commissions,  its  object  was  exclusively  administrative.  Consequently 
the  evidence  is  only  incidentally  of-  ethnological  interest,  and  it  by  no  means 
covers  the  whole  ground.  The  social  life  and  marriage  laws  are  to  a  great 
extent  laid  before  the  reader,  but  there  is  no  attempt  to  distinguish  accurately 
between  one  tribe  and  another ;  the  native  institutions  are  discussed  only  so  far  as 
they  have  a  practical  bearing  on  administrative  questions.  There  is  no  attempt  to 
penetrate  to  the  underlying  ideas  and  beliefs,  and  the  vast  domain  of  religion  lies 
for  the  most  part  outside  the  ken  of  the  Commissioners.  Admirable,  therefore,  as 
is  the  work  done  by  these  Commissions,  it  is  but  a  small  part  of  what  must  be 
undertaken  if  an  accurate  account  of  the  natives  of  South  Africa  is  to  be  obtained 
and  preserved  for  scientific  use,  and  as  an  historical  record.  What  is  wanted  is 
that  the  Government  should  undertake  this  enterprise  in  the  same  way  as  that  in 
which  the  Governments  of  the  United  States,  G^ermany,  the  Netherlands,  and  of 
other  countries  investigate  their  native  races,  or,  failing  this  obvious  duty  of  a 
Government,  adequate  assistance  should  be  given  to  societies  or  individuals  who 
may  be  prepared  to  take  the  matter  in  hand. 

Unfortunately  it  is  not  unnecessary  to  insist  on  the  need  there  is  for  us  to 
consider  seriously  what  at  any  particular  time  is  most  worth  investigating,  and  not 
to  let  ourselves  drift  into  any  casual  piece  of  work.  Let  us  apply  that  simple  test 
to  South  Africa,  and  ask  ourselves,  Wliat  most  needs  doing  in  anthropological 
research  in  South  Africa  ? 

So  long  as  actual  wanton  destruction  is  not  taking  place,  local  arch»ological 
investigation  can  wait.  I  do  not  mean  to  suggest  that  those  who  have  the  oppor- 
tunity should  not  devote  themselves  to  this  important  subject;  many  can  do  good 
work  in  archeology  who  have  neither  opportunity  nor  inclination  for  other 
branches  of  anthropology,  and  the  British  South  Africa  Company  has  shown  and 
probably  will  continue  to  show  a  real  interest  in  this  work.  But  our  first  and 
immediate  duty  is  to  save  for  science  the  data  that  are  vanishing ;  this  should  be 
the  watchword  of  the  present  day. 

Observations  in  South  African  anthropographv  are  lamentably  deficient. 
Although  scattered  up  and  down  in  books  of  travel  and  in  missionary  records, 
there  are  descriptions  of  individuals,  and  in  some  cases  a  few  salient  features  of  a 
tribe  are  noted,  yet  we  have  few  precise  descriptions  of  communities  that  are  of 
value  for  comparative  purposes.  Anthropometrical  data  are  everywhere  want- 
ing ;  very  few  natives  have  been  measured,  and  the  measurements  that  have  been 
made  are  insufficient  both  as  regards  those  actually  taken  and  the  number  of 
individuals  measured.  The  interesting  subject  of  comparative  physiology  is 
unworked.  We  have  no  observations  in  experimental  psychology,  and  very  few 
reliable  data  in  observational  psychology.  Here,  then,  is  a  large  field  of  in- 
quiry. 

1  am  not  competent  to  speak  concerning  linguisticSi  but  from^what  %  have 
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read  I  gather  that  a  very  great  deal  yet  remains  to  be  done,  at  all  events  in 
phonetic8y  grammar,  and  comparative  philology. 

In  general  ethnology  a  considerable  amount  of  scattered  work  has  been  done, 
but  no  one  tribe  has  been  investigated  with  scientific  thoroughness;  the  best 
piece  of  work  hitherto  accomplished  in  this  direction  is  the  admirable  memoir  on 
the  Ba-Ronga  by  the  missionary  H.  A.  Junod,  which  leaves  little  to  be  desired. 
It  would  be  well  worth  while  for  students  to  make  exhaustive  studies  of  limited 
groups  of  people,  tracing  all  the  ramifications  of  their  geuealoffies  in  the  compre- 
hensive method  adopted  bv  Dr.  Rivers  for  the  Torres  Straits  Islanders  and  for  the 
Todas ;  this  method  is  mdispensable  if  it  is  desired  to  obtain  a  Irue  conception  of 
.the  social  structure  of  a  people,  their  social  and  religious  duties,  the  kinship 
relationships,  and  other  information  of  statistical  and  sociological  value.  Other 
fruitful  lines  of  inauiry  are  the  significance  of  the  form  and  ornamentation  of 
objects  and  the  symbolism  (if  there  is  any)  of  the  decorative  art,  a  subject  which, 
as  far  as  I  am  aware,  is  absolutdy  untouched.  Even  the  toys  and  games  are 
worth  investigation.  Hardest  but  most  important  of  all,  there  is  that  intricate 
complexus  of  action  and  belief  which  is  comprised  under  the  term  'religion.' 
This  needs  the  most  delicate  and  sympathetic  treatment,  although  too  often  it 
has  been  ruthlessly  examined  by  those  who  were  more  prone  to  seek  the  ape  and 
the  tiger  and  vain  imaginings  in  the  so-called  'superstitious'  practices  of  these 
poor  folk.  They  are  laggaras  alon^  the  road  which  our  more  favoured  ancestors 
have  trod,  but  they  aU  have  their  faces  set  in  the  same  direction  as  our  own, 
towards  that  goal  to  which  we  oul^lves  are  striving.  To  induce  natives  to 
unbosom  themselves  of  all  that  they  hold  secret  and  sacred  and  to  confess  their 
ideals  and  inspirations  requires  more  than  an  ordinary  endowment  of  patience, 
tact,  and  brotherly  kindness ;  without  these  qualities  very  little  can  be  gathered, 
and  the  finer  side  of  native  thought  and  feeling  will  for  ever  remain  a  seided  book 
to  the  European.  In  referring  to  this  subject  it  should  not  be  overlooked  that 
the  best  account  we  have  of  the  religion  of  the  Ama-Zulu  is  due  to  the  labours 
of  Bishop  Callaway.  The  number  of  native  texts,  including  folk-tales,  pub- 
lished by  him  are  especially  valuable,  as  they  throw  light  from  all  sides  upon 
the  native  mind,  and  it  is  greatly  to  be  regretted  that  he  lacked  the  pecuniary 
and  other  encouragement  tluit  was  necessary  for  the  completion  of  his  labours.  The 
most  urgent  of  all  the  foregoing  lines  of  inquiry  are  the  most  elusive:  these  are  the 
ideas,  beliefs,  and  institutions  of  the  people,  which  are  far  less  stable  than  are  their 
physical  characteristics. 

These  are  some  of  the  lines  of  research  that  await  the  investigator.  The  field 
is  large,  but  the  opportunities  are  fleeting.  The  Kattea,  Bushmen,  and  Hottentots 
are  doomed,  and  new  social  conditions  are  modifying  the  Bautu  peoples.  Here 
again  we  must  apply  the  test  question,  Which  of  these  peoples  most  needs  inves- 
tigation ?  The  answer  again  is  obvious.  Those  that  will  disappear  fir6t.  All 
over  South  Africa  this  work  is  pressing.  For  some  tribes  it  is  too  late.  It  would 
be  a  memorable  result  of  the  meeting  of  the  British  Association  in  South  Africa 
if  it  should  lead  to  an  exhaustive  study  of  those  most  interesting  people,  the  Rattea, 
the  Bushmen,  and  the  Hottentots.  They  represent  very  primitive  varieties  of 
mankind,  but  their  numbers  are  rapidly  diminishiu^,  and,  as  races,  they  have  no 
chance  of  perpetuity.  What  judgment  will  posterity  paes  upon  us  if,  while  we 
have  the  opportunity,  we  do  not  do  our  best  to  save  the  memory  of  these 
primitive  folk  from  oblivion  ? 


A  Short  Bibliography  (yti  the  Ethnology  of  South  Africa. 
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Bibliography).    London,  1904. 
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The  foregoing  list  of  books  is  manifestly  very  incomplete. 
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amount  of  information  concerning  the  natives  will  be  found  in  numerous  books  by 
missionaries,  travellers,  and  sportsmen. 

Since  the  above  was  in  print  Professor  G.  Elliot  Smith  has  investigated  six 
Pygmies  from  the  Ituri  Forest  in  the  Congo  Free  State.  He  states,  *  When  we 
take  into  consideration  the  many  undoubted  resemblances  of  Pygmies  and  Bush- 
men it  is  easier  to  picture  tbese  likenesses  and  their  attendant  ditferences  as  the 
results  of  a  diverse  specialisation  of  two  branches  of  one  stock  rather  than  as  the 
product  of  a  tendency  to  convergence  of  two  independent  races.'  ^ 

Mr.  D.  Randall-Maclver,  who  was  sent  out  in  advance  of  the  British  Associa- 
tion to  investigate  the  ancient  ruins  of  Rhodesia,  has  found  that  the  archaeological 
evidence  points  to  their  being  of  mediaeval  date ;  his  investigations  and  conclusions 
will  be  recorded  in  his  forthcoming  book, '  Medieval  Rhodesia.' 


The  following  Papers  were  read : — 

1.  The  Totemism  of  tlve  Bantu,     By  E.  Sidney  Hartland. 

Totemism  is  the  reverence  for,  and  the  recognition  of  kinship  with,  certain 
objects  or  classes  of  objects  of  external  nature,  such  as  a  species  of  animal,  a  species 
of  txee  or  plant,  or  (more  rarely)  the  sun  or  rain.  This  reverence  and  reoogniti(jn  of 
kinship  arise  only  in  savagery,  and  are  expressed  in  certain  definite  rites  and  obser- 
vances.  The  phenomena  of  totemism  were  first  observed  among  the  North  American 
Indians,  and  the  name  is  derived  from  a  native  American  word.  Similar 
phenomena  have  subsequently  been  observed  elsewhere,  notably  among  the 
Australian  blackfellows.  M.  Oasalis  poiuted  out  fifty  years  ago  the  similarity 
between  the  practices  and  beliefs  of  the  Bantu  and  the  American  natives.  The 
object  of  the  paper  is  to  examine  the  Bantu  practices  and  belief  with  a  view  to 
ascertaining : — 

1.  How  far  they  extend,  and  what  evidence  there  is  of  their  former  existence 
where  they  are  no  longer  to  be  found. 

2.  Whether  there  is  any  essential  difference  between  the  Bantu  practices  and 
belief,  and  what  is  generally  understood  by  totemism  elsewhere. 

3.  The  process  of  decay,  especially  among  the  Eastern  Bantu  from  the  Zambesi 
southward. 

The  conclusions  arrived  at  are  that  though  there  is  little  in  what  is  recorded 
of  the  Weetem  Bantu  which  points  directlv  to  totemism,  there  is  reason  to  think 
that  it  once  generally  prevailed  among  the  Bantu ;  that  its  disappearance  from  the 
Western  Bantu  is  due  to  contact  with  the  true  Negro  along  the  west  coast ;  that 
among  the  Eastern  and  Northern  Bantu  the  decay  of  totemism  is  due  to  the 
change  in  the  reckoning  of  kinship  from  reckoning  through  the  mother  only  to 
reckoning  through  the  father,  and  to  the  ancestor-worship  which  has  arisen  upon 
the  new  social  basis  thereby  laid  ;  and  that  there  is  no  essential  difierence  between 
the  Bantu  practices  and  belief  and  what  is  generally  recognised  as  totemism 
elsewhere. 

2.  Tlie  Stone  Age  in  South  Africa,     By  L.  P^ringuey. 

The  author  recognises  two  periods  in  South  Africa.  To  the  latter,  which  he 
terms  '  Recent/  he  ascribes  all  the  implements  found  in  the  middens  of  the  sea- 
coast  as  well  as  inland  ;  to  the  former  the  weapons  or  implements,  often  of  a  huge 
size,  which  partake  so  much  of  the  facies  of  the  palaeolithic  instruments  met  with 
in  the  laterite  deposits  of  Madras  or  the  Pyrenees  that  they  are  hardly  distinguish- 
able, some  of  them  weighing  as  much  as  9  J  lbs.  and  being  34  cm.  long  by  17  cm.  wide. 
It  is  contended  that  implements  of  that  kind  could  not  have  been  used  by  a  small, 
puny  race  like  that  of  the  Bushmen,  yet  on  the  whole  the  author  is  of  opinion  that 
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a  great  age  cannot  be  ascribed  to  them.  These  he  considers  to  belong  to  a  palseo- 
lithic  type.  He  is  also  of  opinion  that  a  neolithic  period  was  evolved  from  that 
palaeolithic  one,  but  was  superseded  by  a  more  barbaric,  more  recent  one,  t.0.,  by 
that  of  the  '  Recent '  age.  There  is,  however,  no  evidence  as  to  the  epoch  when 
one  period  replaced  the  other,  and,  as  far  as  the  implements  of  a  palaeolithic  type 
are  concerned,  neither  geology  nor  paleontology  has  as  yet  enabled  us  to  assign  a 
possible  age  to  these  implements.  They  abound,  however,  where  they  occur, 
and  they  have  undoubtedly  been  brought  down  to  their  present  situation  from 
their  once  much  more  elevated  position,  and  have  thus  accumulated  on  the  lower 
part  of  the  mountain  talus.  The  hardest  kind  of  stone  available  has  always  been 
made  use  of. 

But  if  no  evidence  as  to  the  age  of  that  palaeolithic  type  is  to  be  obtained,  there 
is  ample  evidence  that  that  of  the  '  Recent  Period '  ended  only  yesterday.  Not 
only  are  these  implements  of  a  crude  type,  and  always  worked  only  on  one  side, 
with  the  bulb  of  percussion  always  strongly  bulging,  but  evidence  of  this  period 
being  quite  recent  was  proved  by  the  finds  of  a  club,  made,  it  is  true,  of  a  very 
lasting  wood,  and  bearing  unmistakable  traces  of  having  been  cut  into  shape  by  a 
stone  implement;  of  diminutive  models  of  a  gun  and  spade  cut  out  with  minute  flakes 
and  found  in  a  Bushman*s  lair ;  and  also  of  one  of  these  crude  stone  implements 
fixed  by  gum  to  a  small  wooden  handle,  somewhat  in  the  manner  of  the  Australian 
aborigines,  and  dug  out  from  one  of  the  caves  on  the  coast  with  the  skeleton 
of  a  Strand-Looper  Hottentot,  &c.  Mention  was  also  made,  and  examplee  ex- 
hibited, of  the  mullers  and  pounders,  scrapers,  knives,  or  arrow-heads  found  in  the 
middens  of  the  coast  or  its  vicinity. 

But  on  the  Cape  Flats  are  occasionally  found  lance  or  arrow  heads  of  a  very 
superior  workmansidp,  chipped  on  both  sides  and  tapering  at  both  ends  into  a  point, 
which  will  bear  successful  comparison  with  any  of  the  Dordogne  implements  01  that 
kind.  At  Vereeniging,  in  the  Transvaal,  implementa  also  pointed  at  both  ends 
have  been  met  with,  but  although  they  are  of^  a  different  workmanship,  l^ey,  like 
those  of  the  Cape  Flats,  would  seem  to  imply  that  they  belong  to  a  neolithic  type, 
having  nothing  in  common  with  the  *  Recent  Period.' 


THURSDA  F,  A  UO  UST  17. 
The  following  Papers  and  Reports  were  read  :  — 
1.  The  Musical  Iiistruments  of  South  Africa,     By  Henry  Balfour,  M,A. 

The  various  musical  instruments  made  and  used  by  the  African  nattvee 
inhabiting  the  region  to  the  south  of  the  15th  parallel  of  S.  latitude,  present 
many  points  of  interest,  and  afford  an  ample  field  for  careful  research.  Several 
of  the  types  are  of  value  to  the  student  of  the  early  developmental  history  of 
musical  instruments,  as  being  turmvala  from  the  original  rudimentary  forms,  or 
archetypes,  whence  have  arisen  by  successive  improvements  a  long  line  of 
descendants,  culminating  in  certain  highly  specialised  forms  of  modem  civilised 
instruments.  The  bow  of  the  Damaras,  which  is  temporarily  converted  into  a 
musical  instrument,  may  be  cited  as  a  survival  from  the  earliest  stage  in  the 
history  of  a  group.  In  it  we  may  recognise  the  ancestral  form  whence  may  be 
Iraced  through  a  long  and  more  or  less  continuous  main  line  of  development, 
which  embraces  the  musical  bows  and  their  derivatives,  the  phylogenetic  history 
of  that  series  of  instruments  which,  by  successive  slight  modifications,  led  up  to 
the  final  developments  of  the  harp  family. 

Many  instruments  are  interesting  not  only  by  reason  of  the  light  which,  as 
links  in  the  chain  of  sequence,  they  throw  upon  the  probable  evolution  of  the 
higher  forms  from  the  more  rudimentary,  but  also  when  studied  from  the  point  of 
view  of  ih&iT  geographical  distribution,  whereby  conclusions  may  be  arrived  at*  in 
regard  to  the  question  of  the  monogenesis  or  polygenesis  of  certain  types — as  to 
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whether,  that  is  to  say,  forms  which  are  practically  similar,  occurring^  in  widely 
separated  regions,  are  referable  to  a  common  origin,  or  whether  they  have  been 
independently  invented  in  the  various  regions  in  whidh  they  are  found.  From 
this  point  of  view  the  musical-bow  series  and  the  xylophone  (marimba)  group 
are  of  special  interest,  as  illustrating  in  each  case  what  may  prove  to  be  a 
phylogenetically  connected  series  covering  a  very  wide  area  of  dispersal  both 
within  and  without  the  African  continent. 

The  pulsatile  instruments  with  vibrating  tongues  of  bamboo  or  metal  (soma 
type)  present  a  very  wide  and  continuous  distribution  in  Africa,  but  do  not 
appear  to  occur  elsewhere,  except  in  the  regions  of  the  new  world  which  have 
been  affected  by  the  negro  immigration ;  nor  does  this  form  of  instrument  appear 
to  have  led  up  to  any  highly  developed  tvpe,  unless  the  graduated  'comV  of 
European  musical  boxes,  woich  presents  at  least  a  close  analogy,  is  to  be  regarded 
as  a  derivative  from  the  African  sanea,  a  matter  which  is  open  to  doubt. 

The  '  whizzing- blade,*  or,  to  give  its  popular  name,  the  '  buU-roarer '  of  the 
Bushmen  and  some  Bantu  tribes,  is  Loticeable  for  its  extremely  wide  though 
sporadic  distribution  over  the  world,  as  also  by  virtue  of  the  mystery  which 
either  has  been  or  is  so  constantly  associated  with  the  uee  of  this  simple  instru- 
ment wherever  it  occurs  ;  and  the  question  arises  whether  all  these  nearly  iden* 
tical  forms  have  been  derived  from  a  common  stock,  which  must  be  of  very  great 
antiquity  to  account  for  their  wide  dispersal  from  a  single  centre,  or  whether  the 
theory  of  two  or  more  independent  origins  is  the  more  probable. 

The  noise-instrument  known  to  the  Germans  as  reib-trommel  ('  rubbing-drum  *), 
and  described  by  Holub  as  found  in  use  among  the  Barotse,  is  another  instrument 
having  a  peculiarly  wide  though  apparently  disconnected  distribution,  It  has  its 
counterparts  in  some  other  regions  of  Africa,  both  east  and  west ;  it  is  met  with 
in  Soutnern  India,  in  Honduras,  and  Venezuela,  and  is  a  popular  noise-making 
instrument  in  Western  Europe,  where  it  was  known  as  far  back  as  early  in  the 
seventeenth  century,  and  prooably  earlier. 

The  goura  of  the  Bushmen  and  iieba  (lesiba)  of  the  Basuto  and  some  other 
Bantu  tribes,  a  bow -like  instrument  having  a  piece  of  flattened  quill  interposed 
between  one  end  of  the  string  and  its  attacnment  to  the  bow,  is  diflicult  to 
diagnose  ethnologically  and  morphologically.  In  spite  of  its  stringed  structure  it 
is  essentially  a  wind  instrument.  Its  presence  in  South  Africa  has  not  as  yet  been 
satisfactorily  accounted  for,  since  there  is  an  absence  of  evidence  as  to  the  manner 
in  which  this  peculiar  and  specialised  instrument  was  developed  in  diis  region, 
supposing  it  to  be  indigenous ;  nor  are  there  any  satisfactory  clues'as  to  whence  it 
came,  in  the  event  of  its  having  been  introduced  ftrom  elsewhere.  It  does  not 
appear  to  be  found  anywhere  north  of  the  Zambesi.  The  instruments  which  in 
structure  and  use  most  nearly  resemble  the  t/oura  are  the  small  bows  with  flat, 
ribbon-like  strings,  which  in  Eastern  Asia  are  attached  to  kites  in  order  that  they 
may  hum  or  buzz  in  the  wind ;  but  it  is  by  no  means  clear  that  these  are  to  l>e 
regarded  as  morphologically  related  to  the  ffottra.  It  is  to  be  hoped  that  further 
detailed  research  into  the  varieties  and  distribution  of  types  of  the  ruder  musical 
instruments  may  help  to  render  clearer  their  affinities,  and  the  precise  position 
which  they  occupy  in  the  developmental  history  of  higher  forms. 


2.  A  Few  Facts  concerning  the  Atnericcm  Negro, 
By  Miss  B.  Pullbn-Burbt. 

In  this  paper  an  attempt  was  made  to  show  that  notwithstanding  their  trans- 
plantation to  the  Western  Hemisphere,  the  hardships  of  260  years  of  slavery,  their 
Ignorance  when  emancipated,  and  their  incapacity  to  assimilate  such  civilisation  as 
is  implied  in  American  citizenship,  the  Negroes  now  form  one-seventh  of  the  entire 
population  of  the  United  States.  Statistics  of  1900  show  the  race  to  exist  in 
greatest  density  in  the  territory  known  as  *  The  Black  Belt.'  The  injurious  eflecta 
of  urban  life  on  the  Negro  are  evidenced  by  information  obtained  from  the  Health 
Officer  of  Washington,  D.O.    The  Negro's  criminal  record,  declared  to  be  greater 
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at  tlie  North  than  at  the  South,  is  answered  by  the  fact  that  in  northern  citiee  bis 
expulsion,  owing  to  race-prejudice^  from  almost  every  competitive  trade  makes  it 
increasingly  difficult  to  earn  a  livelihood.  In  fifty-six  great  cities  statistics  show  a 
greater  death-rate  than  birth-rate,  but  on  the  cotton-fields  in  the  South,  where  the 
Negro  is  gradually  attaining  proprietorship,  he  lives  normally.  Outside  cities, 
85  per  cent,  of  the  race  depend  upon  agriculture  for  support.  Prevailing  diseases, 
crime,  with  some  details  as  to  lynching,  the  economic  status  of  the  race,  &c.,  were 
also  dealt  with. 

3.  Report  (yii  Anthropometric  Investigation  in  the  British  Isles, 
See  Reports,  p.  198. 

4.  Report  on  Anthropometric  Investigations  a/mong  the  Native  Troops  of 
the  Egyptian  Army. — See  Reports,  p.  207. 


5.  Report  on  Anthropological  Photographs,  —See  Reports,  p.  222. 
6.  Rejx>rt  on  the  Age  of  Stone  Circles. — See  Reports,  p.  197. 


7.  Report  on  Archceological  a/nd  Ethnological  ResearcJies  in  Crete, 
See  Reports,  p.  208. 


8.  Report  on  the  Lake  Village  at  Glastonbury, — See  Reports,  p.  210. 


FRIDAY,  AUGUST  n. 

The  following  Papers  were  read : — 

1.  On  Artificial  Deformation  of  the  Human  Body  in  Africa, 
By  Professor  Dr.  F.  von  Luschan. 

Probably  most  of  the  deformations  of  the  ears  and  the  nose  came  to  Africa  from 
India ;  the  painting  of  the  eyes  came  from  Arabia ;  and  the  trepanning  of  the 
skull  (practised  up  to  our  own  days  in  Djebil  Aures  in  the  same  way  as  it  was 

Eractised  by  the  old  Guanches)  is  the  same  as  that  of  the  earliest  pisahistoric  in- 
abitants  of  the  Dordogne,  and  had  its  origin  in  Western  Europe.  Most,  il  not 
all,  of  the  deformations  and  mutilations  of  the  teeth  seem  to  come  from  Indonesia, 
even  those  practised  in  the  Western  Soudan.  Only  the  tattooing  in  relief,  and 
perhaps  also  the  deformations  of  the  lips,  might  be  at  home  in  Africa. 

The  whole  study  of  artificial  deformations  is  not  only  an  interesting  scientific 
speciality  on  the  frontier  boundaries  between  ethnography  and  physical  anthrop- 
ology, but  it  may  be  of  some  importance  also  for  the  ultimate  proolem  of  anthroj)- 
ology — for  the  history  of  mankind. 


2.  The  Mental  Capacity  of  tits  Bantu,     By  Rev.  Canon  Crisp. 


3.  Magato  and  his  Tribe,     By  Wiluam  Grant 
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JOHANNESBURG. 

TUESDAY,  AUGUST  2'd, 

The  following  Papers  were  read  : — 

1.  Arts  and  Crafts  among  the  Natives  of  S<yiUh  Africa, 
By  Dr.  S.  Schonland. 

2.  Bushmen  and  their  Art,     By  W.  A.  Squire. 


3.  Stone  Implements  in  South  Africa,    By  J.  P.  Johnson. 
4.  The  Basuto.     By  H.  E.  Mabillr. 


WEDNESDATy  AUGUST  HO. 
The  following  Papers  were  read : — 
1 .  The  Last  South  African  Potentate :  GiigunJiana,     By  Dr.  Liengme. 


2.  TJie  Bacial  Affinities  of  the  Hottentots. 
By  Professor  Dr.  F.  von  Luschan. 

The  HotteDtot  is  an  Hamitic  language.  In  particular  its  grammar  is  strictly 
HamitiCy  and  only  a  few  roots  and  a  few  clicks  have  been  adopted  from  the 
Bushmen,  just  as  some  of  the  Southern  Bantu  languages  have  adopted  clicks 
in  the  last  few  centuries.  On  the  other  hand,  the  Plamitic  forefathers  of  the 
Hottentots  lost  their  high  stature  and  acquired  steatopygia  and  spiral  curled  hair 
by  intermarriage  with  Bushmen,  probably  many  thousands  of  years  ago. 

Bushman  languages  seem  to  oe  related  with  the  languages  of  the  Western 
Soudan,  and  perhaps  also  with-  some  languages  of  the  far  east  of  Asia. 

Westermann  was  the  first  to  show  the  isolating  character  of,  and  the  import- 
ance of  studying  syllabic  intonation  varying  in  the  Soudanic  languages,  jnst  as, 
e.g,,  in  the  Chinese.  All  the  Pygmy  races  of  Tropical  Africa  seem  to  be  closely 
related  to  the  Bushmen,  but  their  languages  have  not  yet  been  studied  well 
enough  to  enable  their  exact  relations  to  be  determined.  Their  connection  with 
the  Pygmies  of  Southern  Asia  is  also  very  probable. 


3.  Ruins  in  Rhodesia,     By  D.  Randall- MacIver.      See  p.  301. 


4.  Exhibition  of  Stone  Implements  from  J^ambesi, 
By  0.  W.  Lamplugh,  F.H.S, 
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FRIDAY,  SEPTEMBER  1. 
The  followiog  Papers  were  read  : — 

1.  The  Batvenda.     By  Rev.  E.  Gottschling. 


2.  The  Thonga  Tribe.     By  Rev.  A.  H.  Junod. 


3.  Notes  on  the  Totemism  of  tlie  Bectoana,    By  Rev.  W.  C.  Willoughby. 


4.  The  Native  Tribes  of  South  Africa,     By  J.  W.  Shepstonr,  C.M.G. 


5.  Native  Circumcision  Lodges,    By  C.  A.  Wheelwright,  C.M.G, 
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Section  I.— PHYSIOLOGY. 
President  of  the  Section— Colonel  D.  Bruce,  C.B.,  M.B.,  F.R.S. 


The  President  delivered  the  following  Address  at  Johannesburg  on  Tuesday, 
August  20 : — 

The  Advance  in  our  Knovdedge  of  the  Causation  and  Methods  of  Prevention 
of  Stock  Diseases  in  South  Africa  during  the  last  ten  years. 

Ten  years  ago,  when  I  first  came  to  South  Africa,  I  was  led  to  take  an  interest 
in  the  various  great  stock  diseafes  which  do  so  much  damage  and  so  retard  the 
progress  of  Soutli  Africa  as  a  stock-raising  countrv.  I  thought,  therefore,  that  a 
good  subject  for  my  address,  in  the  centre  of  the  foremost  stock-raising  Colony  of 
South  Africa,  would  be  a  review  of  the  work  done  in  advancing  our  know- 
ledge, during  the  last  ten  years,  of  the  causation  and  methods  of  prevention 
of  stock  diseases  in  South  Africa. 

South  Africa  is  particularly  rich  in  animal  diseases,  every  species  of  domestic 
animal  seemingly  having  one  or  more  specially  adapted  for  its  destruction.  Now 
it  is  evident  that,  in  an  address  of  this  kind,  it  will  De  impossible  to  take  up  every 
stock  disease,  but  I  think  you  will  agree  with  me  that  those  shown  on  this  table 
are  among  the  most  important : — 

East  Coast  Fever ;  ordinary  Red  water  or  Texas  Fever ;  Biliarv  Fever  of  Horses ; 
Malignant  Jaundice  of  Dogs;  Nagana  or  Tsetse- fly  Dicease;  Trypanosomiasis  of 
Cattle;  Rinderpest;  Horse-sickness;  Catarrhal  Fever  in  Sheep;  Heart- water  of 
Sheep,  Goats,  and  Cattle. 

Now  we  may  ^up  these  diseases  in  various  ways ;  for  example,  as  below, 
where  they  are  divided  into  two  main  diTisions :  A  division,  in  which  the  parasite 
is  known ;  and  B  division,  in  which  the  parasite  is  unknown. 

A.  Parasite  known. 

I.  Diseases  caused  by  parasites  belonging  to  the  genus  Piroplasma : — 

1.  East  Coast  Fever  (Koch),  P.  parritm. 

2.  Red  water  or  Texas  Fever,  P.  Hgeminum  (Theiler). 

3.  Biliary  Fever  of  Horses,  Mules,  and  Donkeys,  P.  equi, 

4.  Malignant  Jaundice  of  Dogs,  P,  canU. 

II.  Diseases  caused  by  parasites  belonging  to  the  genus  Trypanosome : — 

1.  Nagana  or  Tsetse- fly  Disease,  T.  brucei  (Bradford  and  Plimmer). 

2.  Trypanosomiasis  of  Cattle,  T»  theileri  (Bruce).  /^^^^T^ 
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B,  Parasite  unknorvn, 

I.  Rinderpest. 

II.  Horse-sickness. 

Catarrhal  Fever  of  Sheep. 

Heart-water  of  Sheep,  Goats,  and  Cattle. 

I.  Diseases  caused  by  Parasites  belonging  to  the  Genus  Piroplasma. 
1.  East  Coast  Fever. 

The  first  important  stock  disease  I  would  draw  your  attention  to,  then,  is  East 
Coast  Fever.  This  name  was  given  to  it  by  Professor  Robert  Koch,  of  Berlin. 
In  the  Transvaal  the  disease  is  usually  called  Rhodesian  Redwater.  This  term 
is  not  a  good  one,  since  the  disease  is  not  restricted  to  Rhodesia,  nor  did  it  arise 
there,  nor  is  this  a  disease  similar  to  the  ordinary  Redwater.  Ten  years  ago,  when 
I  first  came  to  South  Africa,  East  Coast  Fever  was  unknown  in  the  Transvaal. 
The  first  known  outbreak  occurred  only  some  three  and  a  half  years  ago,  when  it 
broke  out  at  Koomati  and  Neilspruit,  in  the  Barberton  district,  and  in  the  east  of 
the  Colony.  The  disease  had  broken  out  some  time  previously  in  Rhodesia,  and 
the  outbreaks  in  both  Colonies  were  due  to  infection  from  Portuguese  territory. 
Although  this  disease  has  only  been  introduced  to  the  country  during  the  last  few 
years,  it  has  already  produced  an  enoimous  amount  of  damage  among  stock,  and  is 
probably  the  most  dangerous  disease  that  the  people  of  the  Transvaal  have  to  cope 
with  at  the  present  time,  and  for  some  years  to  come. 

In  the  Annual  Report  of  the  Transvaal  Department  of  Agriculture  there  is  a 
most  excellent  report  by  Mr.  Stockman,  the  then  Principal  Veterinary  Surgeon, 
on  the  work  of  the  veterinary  division  for  the  year  1903-1004.  A  large  part  of  this 
report  is  given  up  to  East  Coast  Fever,  and  I  must  here  express  my  indebtedness  to 
Mr.  Stockman  for  much  of  the  follomng  account  of  this  disease.  In  the  same 
Annual  Report  there  is  also  an  account  by  Dr.  Theiler,  the  Veterinary  Bacterio- 
logist, of  the  experimental  work.  Messrs.  Stockman  and  Theiler  evidently  worked 
together,  and  I  must  congratulate  them  on  the  immense  amount  of  good,  useful 
work  done  by  them,  and  1  would  also  congratulate  the  Government  on  having 
had  the  services  of  two  such  accomplished  and  energetic  gentlemen  during  the 
late  troublesome  times.  Unfortunately  for  the  Transvaal,  Mr.  Stockman  has 
accepted  the  post  of  Veterinary  Adviser  to  the  Board  of  Agriculture  in  England, 
but  I  have  no  doubt  his  successor,  Mr.  Gray,  from  Rhodesia,  will  continue  the 
good  work  begun  by  him. 

East  Coast  Fever  was  first  studied  by  Professor  Koch  at  Dar-el -Salaam,  in 
German  East  Africa,  and  he  at  first  mistook  it  for  ordinary  Redwater.  It  seems 
to  occur  as  an  endemic  disease  along  a  great  part  of  the  East  Coast  of  Africa,  but 
appears  to  be  restricted  to  a  narrow  belt  along  this  coast-line.  The  cattle  inhabiting 
this  region  have  become  immune  to  the  disease,  and  ai-e,  therefore,  not  affected  by 
it.  Cattle  passing  through  the  Coast  district  to  the  interior,  or  brought  to  the 
Coast  district  from  the  interior,  are  apt  to  take  the  disease  and  die.  It  was  by  the 
importation  of  cattle,  therefore,  which  had  passed  through  the  dangerous  Coast 
district  that  the  disease  was  introduced  into  Rhodesia  and  into  the  Transvaal. 
On  this  map  which  1  throw  on  the  screen  I  have  marked  out  the  probable 
endemic  area  of  this  disease,  and  in  the  next  slide  the  present  distribution  of  the 
disease  in  the  Transvaal  is  also  marked  out. 

Nattare  of  the  Disease,— This  disease  only  attacks  cattle,  but  in  them  is  an 
exceedingly  fatal  malady:  in  every  hundred  cattle  attacked  only  about  five 
recover  from  the  disease.  The  duration  of  the  disease  after  the  first  symptoms 
have  occurred  is  about  ten  days. 

The  cause  of  the  disease  is  a  minute  blood  parasite  called  the  Piroplasma 
parvwn  (Theiler).    This  parasite  lives  in  the  interior  of  the  red  blood  corpuscles. 

I  now  throw  on  the  screen  a  representation  of  the  blood  from  a  case  of 
Rhodesian  Redwater,  magnified  about  a  thousand  times,  showing  these  small 
piroplasmata  in  the  interior  of  the  red  blood  corpuscles.  As  in  the  case  of  so  many 
of  these  blood  diseases,  the  parasite  causing  it  is  carried  from  the  sick  to  the 
healthy  by  means  of  a  blood-sucking  parasite.    In  this  particular  disease  the  tick 
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which  most  commonly  transfers  the  poison  or  living  parasite  from  one  animal  to 
another  is  known  as  the  '  brown  tick/  BJiipiceph<iluB  appendiculatus,  Koch  sup- 
posed that  the  common  'blue  tick'  was  the  agent.  The  credit  belongs  to 
Dr.  Lounsbury  and  Dr.  Theiler  of  having  shown  that  it  is  chiefly  the '  brown 
tick '  which  acts  as  carrier ;  but  Theiler  has  proved  that  E,  simus  is  also  able  to 
transmit  the  disease.  Without  the  intervention  of  a  tick,  as  far  as  we  know  at 
present,  it  is  quite  impossible  that  the  parasite  of  this  disease  can  be  transferred 
from  one  animal  to  another.  For  example,  if  we  take  a  quantity  oi  blood  con- 
taining  enormous  numbers  of  these  piroplasmata,  and  inject  it  into  tbe  blood 
circulation  of  a  healthy  animal,  tbe  latter  does  not  take  the  disease.  In  the  same 
way,  if  cattle  affected  by  East  Coast  Fever  are  placed  among  healthy  cattle  in  a 
part  of  the  country  where  none  of  these  '  brown  ticks '  are  found,  the  disease  does 
not  spread.  It  is  evident,  therefore,  that  some  metamorphosis  of  the  parasite  must 
take  place  in  the  interior  of  the  tick,  and  this  new  form  oi  the  parasite  is  introduced 
by  the  tick  into  a  health^r  animal,  and  so  produces  the  disease.  In  this  particular 
disease  the  virus  or  infective  agent  is  not  transmitted  through  the  egg  of  the  tick,  as 
is  the  case  in  some  of  these  parasitic  diseases,  but  only  in  the  intermediate  stages  of 
the  tick's  development ;  that  is  to  say,  the  larva  which  emerges  from  the  egg  of  the 
tick  is  incapable  of  giving  the  disease.  What  happens  is  this.  The  larva  creeps  on  to 
an  infectea  animal  and  sucks  some  of  its  blood.  It  then  drops  off,  lies  among  tbe 
roots  of  the  grass,  and  passes  through  its  first  moult.  The  nym^ha,  which  is  the 
name  given  to  the  creature  after  its  first  moult,  is  capable  of  transferring  tbe 
disease  to  a  healthy  animal :  that  is  to  say,  if  it  crawls  on  to  a  healthy  animal  and 
sucks  blood  from  it,  it  at  the  same  time  infects  this  healthy  animal  with  the  germ 
of  E.O.F.  In  the  same  way,  if  a  nympha  sucks  infected  blood  from  a  sick  animal, 
it  is  able,  after  it  has  moulted  into  the  adult  stage  or  imago,  again  to  give  rise  to 
the  disease  if  placed,  or  if  it  crawls,  upon  a  healthy  animal. 

The  lAfe-kUtory  of  the  Brottm  Tick,  —I  throw  on  the  screen  a  slide  repre- 
senting the  four  stages  of  the  life-history  of  the  brown  tick :  The  egg,  the  larva, 
the  nympha,  and  the  adult  or  imago.  The  eggs  are  laid  on  the  surface  of  the 
ground  oy  the  adult  females,  who  deposit  several  thousands  at  a  time;  and 
these  hatch  out  naturally,  if  the  weather  is  warm  and  damp,  in  twenty-eight 
days.  But  this  period  of  incubation  of  the  eggs  may  vary  very  greatly  owing 
to  differences  in  temperature.  Immediately  after  the  larva  is  bom  it  crawls  to  the 
summit  of  a  blade  of  grass  or  grass  stem,  and  there  awaits  the  passage  of  some 
animal.  If  an  ox  passes  by  and  grazes  on  the  grass,  the  tick  at  once  crawls  on  to  tbe 
animal,  and,  having  secured  a  favourable  position,  starts  to  suck  the  ox's  blood.  It 
remains  on  the  ox  for  some  three  or  more  days,  when,  having  filled  itself  with 
blood,  it  drops  off  and  lies  among  the  grass.  Tbe  first  moult,  under  favourable 
conditions,  takes  twenty-one  days,  when  the  nympha  emerges.  In  the  same  wa^ 
the  nympha  crawls  on  to  an  animal  and  fills  itself  with  blood.  As  a  nympha  it 
also  remains  on  the  animal  for  about  three  or  four  days.  It  again  drops  off  into 
the  grass,  and  at  the  end  of  eighteen  days  emerges  from  its  second  moult  as  the 
perfect  adult  male  or  female.  The  male's  and  females  again  crawl  on  to  an  ox, 
where  they  mate.  After  this  the  female  tick  ingests  a  large  quantity  of  blood, 
which  is  meant  for  the  nourishment  of  the  eggs,  and  agains  drops  off,  sometimes 
as  early  as  the  fourth  day,  into  the  surrounding  grass.  After  about  six  days  she  lays 
her  esggs  in  the  ground,  and  the  cycle  begins  again. 

These  ticks  are  very  hardy,  and  in  the  intermediate  stages  can  resist  starva- 
tion for  long  periods,  so  that  a  larva  or  nympha  or  adult  tick  may  remain 
perched  at  the  end  of  a  blade  of  grass  for  some  months  without  finding  an  oppor- 
tunity of  transferring  itself  to  a  suitable  animal.  On  this  account  it  comes  about 
that  even  if  all  infected  cattle  are  removed  from  a  field  the  ticks  in  that  field  will 
remain  capable  of  transferring  the  infection  to  any  healthy  cattle  which  may  be 
allowed  into  this  field  for  a  period  of  about  a  vear.  At  tbe  end  of  a  year  or 
fifteen  months,  however,  the  iniective  ticks  are  all  dead,  and  clean  cattle  may  be 
allowed  into  the  field  without  any  risk.  If  one  takes  these  facts  into  consideration 
it  will  be  seen  that  a  single  ox  may  spread  this  disease  for  a  distance  of  some  200 
miles,  if  trekking  through  the  country  at  the  average  rate  of  ten  miles  a  day.    For 
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example,  an  ox  is  infected  by  a  tick ;  for  fourteen  dajA  the  animal  remains  apparently 
perfectly  well ;  it  has  no  signs  of  disease,  nor  has  it  any  fever.  It  is  capable  of  doing 
its  ten  miles*  trek  a  day.  At  the  end  of  fourteen  days  the  temperature  begins  to 
rise,  and  the  animal  begins  to  sicken  with  the  disease,  but  for  the  next  six  days  the 
ox  is,  as  a  rule,  able  to  do  its  ordinary  day's  march.  During  most  of  this  time  the 
brown  ticks  have  been  crawling  on  to  this  ox,  becoming  intected,  and  dropping  off 
every  three  or  four  days.  It  can  readily,  therefore,  be  seen  how  much  mischief  a 
single  infected  animal  can  do  to  a  country  between  the  time  of  its  being  infected 
by  the  tick  and  its  death  some  twenty-four  days  later.  As  a  matter  of  experience, 
however,  the  disease  has  never  been  found  to  make  a  jump  in  this  way  of  more 
than  fifty  or  sixty  miles,  as,  of  course,  it  is  very  rare  that  a  transport  carrier  will 
take  his  oxen  more  than  that  distance  during  the  twenty  days. 

At  the  present  time  it  may  be  said  that  there  are  about  600  infected  farms  in 
the  Transvaal.  During  last  year  some  16,000  cattle  have  died  of  the  disease,  and 
in  the  affected  districts  it  may  be  said  that  there  are  still  some  30,000  cattle  alive. 
When  one  considers  the  Talue  of  the  cattle  dead  of  this  disease,  which  may  be 
said  to  be  about  200,000/.,  it  is  evident  that  money  spent  on  the  scientific  investi- 
gation of  the  causes  and  prevention  of  stock  diseases  is  money  well  spent.  I  am 
informed  that  all  the  South  African  Qoyernments  are  cutting  down  their  estimates 
this  year,  and  are  inclined  to  reduce  their  veterinary  staffs  and  the  amounts 
devoted  to  research  regarding  animal  diseases.  Ladies  and  gentlemen,  if  this  is 
so,  I  have  no  hesitation  in  saying  that  this  is  the  maddest  sort  of  economy  and  the 
shortest-sighted  of  policies. 

Methods  of  combating  the  Disease, — ^Durin^  the  last  three  veara  an  immense 
amount  of  work  has  been  done  in  the  elucidation  of  this  disease — how  the 
animals  are  infected,  how  the  poison  is  spread  from  the  sick  to  the  healthy,  and  so 
on.  In  1003  Professor  Koch  was  asked  by  the  South  African  Colonies  to  study 
this  disease,  in  order  to  try  to  find  some  method  of  artificial  inoculation  or  some 
other  means  of  prevention.  He  did  his  work  in  Rhodesia,  and  especially  directed 
his  energies  towards  discovering  some  method  of  preventive  inoculation.  At  first 
it  was  thought  that  he  would  be  successful  in  this  quest,  as  in  his  second  report  he 
announced  that  he  had  succeeded  in  producing  a  modified  form  of  the  disease  by 
direct  inoculation  with  the  blood  of  sick  and  recovered  animals.  As  you  are  all 
aWare,  the  only  method  of  conferring  a  useful  immunity  upon  an  animal  is  to 
make  it  pass  through  an  attack  of  the  disease  itself,  so  modified  as  not  to  give  rise 
to  above  a  few  deaths  in  every  hundred  inoculated.  This  is  the  method  that  has 
been  employed  in  such  diseases  as  Rinderpest,  Anthrax,  Pleuro-pneumonia,  and 
many  other  diseases.  The  great  difficulty  in  this  disease  in  finding  a  method 
of  preventive  inoculation  is  the  fact  that  the  blood  of  an  affected  animal  does  not 
give  rise  to  the  disease  in  a  healthy  one  when  directly  transferred  under  the  skin 
of  the  latter.  It  is  only  after  its  passage  through  the  body  of  the  tick  that  the 
parasite  is  able  to  give  rise  to  the  disease  in  a  healthy  animal.  It  is  evidently,  on 
the  face  of  it,  difficult  to  so  modify  the  parasite  during  its  sojourn  in  the  tick's 
body  as  to  reduce  its  virulence  to  a  sufficient  degree. 

Professor  Koch  in  his  third  and  fourth  reports  recommended  that  cattle  should 
be  immunised  by  weekly  or  fortnightly  inoculations  of  blood  from  recovered 
animals,  extending  over  a  period  of  five  months.  Even  though  this  method  of 
Koch  had  given  the  desired  result,  viz.  that  it  rendered  the  inoculated  cattle 
immune  to  the  disease,  it  is  evident  that  the  method  itself  can  hardly  be  made  a 
practicable  one  on  a  large  scale  in  the  field.  The  expense  and  trouble  of  inocu- 
lating cattle  on  twenty  different  occasions  would  be  very  great.  It  is  apparent 
now  that  Professor  Koch  fell  into  error  through  mixing  up  East  Coast  Fever  with 
ordinary  Red  water.  His  plan  of  preventive  inoculation  was,  however,  tried  on  a 
large  scale  in  Rhodesia  by  Mr.  Gray,  now  the  P.V.S.,  Transvaal,  and  found  to  be 
useless.  At  present,  therefore,  we  must  look  to  some  other  means  of  preventing 
the  disease  and  driving  it  out  of  the  country  than  preventive  inoculation. 

Dipping, — Much  can  be  done  to  prevent  the  spread  of  this  disease  by  ordinary 
methods.  For  example :  in  the  case  of  Texas  Fever  in  Queensland  dipping  cattle 
in  solutions  of  arsenic  or  paraffin,  in  order  to  destroy  the  ticks,  has  met  with  very 
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fair  succees ;  but  in  the  case  of  this  disease  we  cannot  expect  to  get  aa  good  results 
as  in  the  case  of  Red  water.  The  species  of  tick  which  conveys  Texas  Fever  remains 
on  the  same  animal  through  all  its  moults,  instead  of  falling  to  the  ground  after 
each  different  one.  If  it  is  not  possible  to  spray  or  dip  cattle  oftener  than  once  in 
ten  or  fifteen  days,  it  is  evident  chat  ticks  may  crawl  upon  such  animals,  become 
infected,  and  drop  off  every  three  or  four  days,  and  so  escape  destruction  by  t&e 
dipping^  solution.  At  the  same  time  every  infected  tick  that  is  killed  by  spraying 
or  dipping  operations  is  a  source  of  infection  destroyed. 

fencing  of  Farms, — Again,  the  fencing  of  farms  must  also  be  useful  in  the 
same  direction.  As  the  ticks  do  not  travel  to  any  extent  when  they  fall  among 
the  grass,  it  is  evident  that  the  cattle  on  a  clean  farm  which  is  properly  fenced 
will  not  become  infected  by  this  disease,  although  all  the  country  round  about 
should  be  infected.  This  fencing  of  farms  and  subdividing  the  farm  itself  into 
several  portions  is  a  most  important  factor  in  the  prevention  of  contagious 
diseases  amongst  stock.  It  is,  of  course,  impossible  that  this  can  be  done  at  once, 
as  the  expense  would  be  prohibitive. 

Moving  Cattle  from  Infected  Pasture  to  Clean  Pasture. — From  a  study  of  this 
disease  and  a  study  of  the  life-history  of  the  tick  it  is  evident  that  by  a  com* 
bination  of  dipping  or  spraying  the  cattle  so  as  to  destroy  almost  all  the  ticks, 
slaughtering  the  sick,  and  moving  the  apparently  healthy  on  to  clean  veld— and 
repeating  this,  if  necessary,  a  second  or  third  time — it  is  obvious  that  by  these 
means,  if  circumstances  are  favourable,  an  outbreak  of  this  disease  may  be  nipped 
in  the  bud  without  much  loss  to  the  stock. 

Stamping  out  the  Disease. — In  May  1904,  an  inter-Colonial  Conference  held 
at  Cape  Town  resolved  that  the  onlv  effective  method  of  eradicating  East  Coast 
Fever  is  to  kill  off  all  the  cattle  in  the  infected  areas,  and  to  leave  such  areas  free 
of  cattle  for  some  eighteen  months.  By  this  means  all  the  centres  of  infection 
would  be  destroyed,  and  at  the  end  of  eighteen  months,  as  all  the  infected  ticks 
would  be  dead,  it  is  evident  that  the  disease  would  be  completely  stamped  out. 
There  is  no  doubt  that  this  drastic  method  would  be  the  quickest  and  most  com- 
plete one  of  getting  rid  of  this  extremely  harassing  disease.  If  compensation  were 
given,  it  could  be  done  at  a  cost  of,  say,  a  (quarter  of  a  million.  The  Government 
decided,  however,  that  on  account  of  the  difficulty  of  carrying  out  such  a  drastic 
scheme  another  policy  had  to  be  considered.  This  policy  provides  for  the  fencing- 
in  of  infected  farms,  places,  lands,  or  roads,  on  generous  terms ;  the  compulsory 
slaughter  of  stock  with  compensation  in  the  case  of  isolated  outbreaks;  the 
removal  of  all  oxen  from  infected  or  suspected  farms ;  and,  lastlv,  the  stabling  of 
milch  cows  in  infected  areas.  It  is  quite  evident  that  under  this  less  drastic  poucy 
the  final  stamping-out  of  the  disease  will  be  a  much  slower  process  than  if  the  more 
drastic  scheme  of  compulsory  slaughter  of  all  cattle  on  infected  areas  had  been 
carried  out.  The  benefits,  however,  from  the  modified  scheme  are  undoubted ; 
and  if  carried  out  thoroughly  and  intelligently  for  a  period  of  several  years  will 
probably  result  in  the  stamping-out  of  the  disease. 

Allow  me  to  sum  up  in  regard  to  the  advance  in  our  knowledge  of  this 
important  stock  disease  during  the  last  ten  years.  Ten  years  ago  nothing  was 
known.  Now  the  causation  of  the  disease  has  been  made  out  very  fully ;  the 
parasite  that  causes  it  is  known  ;  the  ticks  which  carry  the  infection  are  known. 
Although  no  method  of  conferring  immunity  on  healthy  cattle  has  been  found  out, 
or  anv  medicinal  treatment  discovered  which  will  cure  the  sick  animal,  yet  our 
knowledge  of  the  life-history  of  the  parasite  and  the  tick's  enables  regulations  to 
be  fram^  which,  if  patiently  carried  out,  must  be  crowned  with  success. 

2.  Eedwater  or  Texas  Fever, 

1  may  dismiss  this  disease  in  a  few  words.  It  is  a  most  interesting  disease^and 
of  great  importance  to  stock  farmers.    It  only  affects  cattle. 

Geographical  Distribution, — It  is  a  disease  found  in  almost  every  part  of  the 
world.  It  was  first  studied  in  North  America ;  hence  the  name  Texas  Fever. 
To  Kilbome  and  Smith  is  due  the  honour  of  elucidating  the  causation  of  this 
disease,  and  their  work  forms  one  of  the  most  interesting  chapters  in  the  history  of 
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pathological  science.  They  discovered  that  it  was  caused  hj  the  presence  in  the 
red  blood  corpusclea  of  a  protozoal  parasite  closely  related  to  the  parasite  found 
in  E.O.F. — the  Piroplasma  parvutn.  This  organism  is  called  Ptroplasma  bigetninum. 
They  further  discovered  that  this  parasite  was  conveyed  from  sick  to  healthy  cattle 
by  means  of  a  tiiclc.  They  also  showed  that  the  cattle  bom  and  bred  in  certain 
southern  districts  are  immune  to  the  disease,  whereas  cattle  in  the  northern  dis- 
tricts are  susceptible.  Hence,  if  southern  cattle  were  driven  into  the  northern 
district,  they  gave  rise  to  a  fatal  disease  among  the  northern  cattle ;  and,  vice  vend, 
if  the  susceptible  northern  cattle  were  driven  into  the  southern  district  among  the 
apparently  healthy  cattle  of  that  district,  they  took  Texas  Fever  and  died. 

Texas  Fever  was  introduced  about  1870,  and  is  now  endemic  throughout  most 
of  South  Africa.  For  many  years  the  native  cattle  have  been  immune  to  the 
disease ;  that  is  to  say,  on  account  of  being  born  and  bred  in  a  Texas  Fever 
locality  they  had  inherited  a  degree  of  resistance  to  the  disease  which  enabled 
them  to  pass  through  an  attack  when  they  were  yoimg,  and  so  they  became  im- 
mune. But  there  is  one  peculiarity  about  Texas  Fever  which  does  not  occur  in 
Rhodesian  Tick  Fever,  and  that  is  that  the  blood  of  an  animal  which  has  recovered 
from  Texas  Fever  remains  infective — the  germs  remain  latent — and  so  the  native 
cattle  of  South  Africa,  although  apparently  healthv,  are  capable  of  infecting  im- 
ported susceptible  cattle  with  this  very  fatal  malady.  This  is  what  makes  it  so 
difficult  to  import  prize  stock  into  this  countrv. 

When  the  Boers  visited  Mooi  River,  at  the  beginning  of  the  war,  they  found 
a  prize  short-horn  carefully  stabled  in  Mr.  P.  D.  Simmon's  farm.  They  killed  most 
ot  his  stock  for  food,  but  left  this  short-horn  bull  alive.  When  they  left  the  fariu 
they  turned  this  bull  into  the  nearest  field,  in  order,  of  course,  that  it  might  procure 
food.  The^  had  much  better  have  eaten  it.   It  promptly  took  Texas  Fever  and  died. 

This  disease,  then,  has  become  of  secondary  importance  to  South  Africa  in  these 
days.  The  native  cattle  have  become  naturally  immunei  and  the  disease  is  only 
fatal  to  susceptible  imported  cattle.  This,  of  course,  discourages  the  importation  of 
prize  stock  ;  but  with  the  knowledge  we  possess  it  ought  to  be  possible,  by  good 
stabling  and  prevention  of  contact  with  tick-infected  cattle,  to  keep  the  prize  stock 
alive  for  a  reasonable  time.  The  question  of  the  feasibility  of  immunising  the 
prize  stock  while  calves  in  England  might  be  considered. 

In  regard  to  methods  of  conferring  immunity  on  susceptible  cattle  many  have 
been  tried,  but  none  are  absolutely  tree  from  risk. 

We  may  sum  up  in  regard  to  Redwater  or  Texas  Fever  by  saying  that  our 
knowledge  of  its  causation  and  the  methods  of  prevention  are  much  the  same  as  they 
were  ten  ^-ears  ago.  The  work  done  by  Smith  and  Kilborne  on  this  disease  was  of 
such  a  brilliant  nature,  and  was  done  so  thoroughly,  that  little  has  been  left  for 
later  workers  to  do. 

3.  Biliary  Fever  of  Horses^  3fules,  and  Donkeys, 

This  is  a  disease  of  horses,  mules,  and  donkeys  very  similar  to  Redwater  in 
cattle,  and  is  caused  by  a  closely  allied  parasite,  the  Ptroplasma  eqtd,  discovered 
for  the  first  time  in  South  Africa  by  Bordct,  Danysz,  and  Theiler,  and  named  by 
Laveran  of  Paris. 

It  is  similar  to  Redwater,  in  that  animals  which  have  recovered  from  the 
disease  remain  a  source  of  infection  during  the  remainder  of  their  lives  to 
susceptible  animals.  The  native  South  African  horse  is,  like  the  cattle,  immune 
to  the  disease.  It  is  also  conveyed  by  a  tick,  which  has  been  shown  by  Theiier 
to  be  the  'red  tick'  {Rkipicephalus  evertst)^  the  infection  being  taken  in  the 
nymphal  and  transferred  in  the  adult  stage.  Theiier  has  also  made  the  verf 
important  observation  that  if  a  horse  is  injected  with  blood  from  a  donkey  which 
has  recovered  from  the  disease,  as  a  rule  a  mild  form  of  the  disease  is  produced, 
so  that  this  opens  up  a  method  of  immunising  susceptible  horses  which  may 
probably  prove  of  practical  value,  Theiier  has  also  made  another  curious  dis- 
covery. This  disease  of  horses  was  found  to  greatly  complicate  certain  immunising 
experiments  he  was  making  against  Horse-sickness.  He  found  he  was  intro- 
ducing the  Piroplamna  egui  at  the  same  time  he  injected  Horse-sickness  virus. 
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But  he  found  out  that  as  the  virus  of  Horse-sickness  keeps  its  yirulence  for  years, 
whilst  the  Piroplamna  e^i  dies  out  in  a  short  time,  this  danger  could  be  ayoiaedby 
keeping  the  Horse-sickness  serum  and  yirus  for  some  time  Wore  using  it. 

4.  McUigncmt  Jauridice  of  Dogs, 

This  disease  is  most  important  to  sportsmen  or  to  importers  of  valuable  dogs, 
as  most  of  these  are  attacked  sooner  or  lat«r  by  this  disease,  and  most  of  them 
succumb.  It  is  also  caused  by  a  species  of  Firoplasma  (IHroplasma  cams),  and  is 
spread  by  the  dog  tick  (Htemophysalis  leachii). 

Like  Kedwater  and^ Biliary  Fever,  the  blood  of  dogs  which  have  recovered 
remains  infective. 

The  story  of  the  tick  infection  is  a  curious  one^  and  the  credit  of  its  discovery 
is  due  to  Lounsbury.  It  is  only  in  the  adult  stage  that  the  tick  is  capable  of 
producbg  the  disease.  It  is  therefore  evident  that  the  Firoplasma  must  remain 
latent  in  the  egg,  the  larval  and  nymphal  stages,  and  only  attain  activity  in  the 
adult  stage. 

According  to  Theiler  there  exists  a  peculiar  phenomenon  which  may  be  made 
use  of  to  confer  immunity.  The  blood  of  a  dog  which  has  recovered  from  this 
disease  and  has  been  hyper-immunised  is,  as  mentioned  above,  capable  of  giving 
rise  to  the  disease  in  a  susceptible  dog.  Now,  if  serum  be  obtained  from  this 
blood  and  a  quantity  added  to  a  small  amount  of  the  blood,  this  infected  blood 
loses  its  infectivity  and  no  disease  results. 

II.  Diseases  caused  bt  Parasites  belonging  to  the  Genus  Trtpanosome. 
1.  Nagana  or  Taeiae-fly  Disease, 

We  now  come  to  the  second  group  of  diseases.  These  are  also  caused  by 
blood  parasites  belonging  to  the  same  class  of  living  things  as  the  Firoplasma,  but 
which  are  free  organisms,  swimming  in  the  fluid  part  of  the  blood,  and  not 
contained  in  the  red  blood  corpuscles,  as  are  the  others. 

The  first  of  this  group  I  would  draw  your  attention  to  is  that  disease  called 
Nagcma  or  the  Twis^jiy  Disease, 

This  fly  renders  thousands  of  square  miles  of  Africa  uninhabitable.  No  horses, 
cattle,  or  dogs  can  venture,  even  for  a  day,  into  the  so-called  *  Fly  Country.'  Now 
what  was  our  knowledge  of  this  disease  ten  years  ago  P  At  that  time  it  was 
thought  that  the  tsetse- fly  killed  animals  by  injecting  a  poison  into  them,  in  the 
same  way  as  a  snake  kills  its  prey.  Nothing  was  known  as  to  the  nature  of  this 
poison  in  1894.  In  1895,  on  account  of  serious  losses  among* the  native  cattle  in 
Zululand  from  this  plague,  the  then  Governor  of  Natal  and  Zululand,  Sir  Walter 
Hely-Hutchinson,  started  the  investigation  of  this  disease.  The  result  of  this 
investigation  was  the  discovery  that  Tsetse-fly  Disease  was  not  caused  by  a  simple 
poison  elaborated  bv  the  fl^,  as  formerly  believed,  but  that  the  cause  of  the  disease 
was  a  minute  blood  parasite  which  gained  entrance  to  the  blood  of  the  animals. 
This  parasite  is  known  by  the  name  Trypanosoma,  which  signifies  a  screw-like  body. 

Ten  years  ago  two  species  only  had  attracted  much  attention — one  living  in  the 
blood  of  healthy  rats,  discovered  by  Surgeon-Major  Lewis  in  India;  and  the  other, 
a  trypanosome,  found  in  the  blooa  of  horses  and  mules  Buffering  from  a  disease 
known  in  India  as  *  Surra.'  As  the  result  of  this  investigation  in  Zululand,  which 
lasted  two  years,  it  was  proved  that  this  trypanosome  was  undoubtedly  the  cau^e 
of  the  death  of  the  horses  and  cattle  struck  by  the  fly,  and  that  the  tsetse-fly 
merely  acted  as  a  carrier  of  this  blood  parasite. 

Here  is  a  representation  of  the  trypanosome  of  Nagana  on  the  screen.  These 
trvpanosomes  consist  of  a  single  cell ;  are  sinuous,  worm-like  creatures,  provided 
witn  a  macronucleus  and  a  micronucleus,  a  long  terminal  flagellnm,  and  a  narrow 
fin-like  membrane  continuous  with  the  flagellum  and  running  the  whole  length 
of  the  body.  When  alive  they  are  extremelv  rapid  in  their  movements,  constantly 
dashing  about,  and  lashing  the  red  blooa  corpuscles  into  motion  with  their 
flagellum.    They  swim  equally  well  with   either  extremity  in  front.     These 
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organums  multiply  in  the  blood  by  simple  longitudinal  division,  and  often 
become  so  numerous  as  to  number  several  millions  in  every  drop  of  blood.  They 
are  sucked,  along  with  the  blood,  into  the  stomach  of  the  fly,  live  and  multiply  in 
the  alimentary  tract  for  several  da^vs,  and,  when  the  fly  has  its  next  feed  on  an 
animal,  take  the  opportunity  of  gaining  access  to  the  blood  of  the  new  hostj  and 
so  set  up  the  disease. 

Let  me  now  throw  on  the  screen  a  representation  of  the  tsetse-fly  (Oiosnna 
morsitans)  which  does  all  the  mischief.  Experiments  were  made  which  showed 
that  the  fly  could  convey  the  parasite  from  afiected  to  healthy  animals  for  at 
least  forty-eight  hours.  It  is  a  curious  fact  that  among  all  the  blood-suckii^ 
flies  the  tsetse-fly  alone  has  this  power,  and  up  to  the  psesent  the  cause  of  this 
has  not  been  thoroughly  cleared  up.  Latelv,  however,  evidence  has  been  brought 
forward  to  show  tnat  an  enormous  multiplication  and  development  of  the 
trypanosomes  take  place  in  the  dy*s  intestine,  a  few  trypanosomes  multiplying 
to  masses  containing  numberless  parasites  w^ithin  twenty-four  hours.  Now,  if 
this  multiplication  onl^  takes  place  in  the  intestine  of  the  tsetse-fly,  and  not  in 
the  other  kinds  of  bitmg  flies,  this  would  probably  account  for  the  curious  con- 
nection between  the  tsetse-fly  and  the  disease.  This  multiplication  of  the  trypano- 
somes in  the  tsetse-fly  was  discovered  by  Gray  andTulloch,two  young  Army  medical 
officers,  while  working  in  Uganda  on  '  Sleeping  Sickness '  during  the  present  year. 

Not  only  was  it  found  that  the  tsetse-flies  could  convey  the  disease  from  sick 
to  healthy  animals,  but  it  was  also  proved  that  the  wild  tsetse-flies  brought  from 
the  'Fly  Country  *  and  straightway  placed  on  healthy  animals  also  gave  rise  to  the 
disease.  The  question  then  arose  as  to  where  the  toetse-flies  living  in  the  '  Fly 
Country '  came  by  the  trypanosomes.  There  were  no  sick  horses  or  cattle  in  the 
'  Fly  Country.'  Investigation  brought  to  light  the  curious  fact  that  most  of  the 
wild  animals — the  bufialo,  the  koodoo,  the  wudebeeste — carried  the  trypanosomes 
in  small  numbers  in  their  blood,  and  it  was  from  them  that  the  fly  obtained  the 
parasite.  The  wild  animals  act  as  a  reservoir  of  the  disease.  The  trypanosome 
seems  to  live  in  the  blood  of  the  wild  animals  without  doing  them  any  harm,  just 
as  the  rat  trypanosome  lives  in  the  blood  of  healthy  rats ;  but  when  introduced 
into  the  blood  of  such  domestic  animals  as  the  horse,  the  dog,  or  ox  it  g^ves  rise 
to  a  rapidly  fatal  disease.  The  discovery  that  the  wild  animals  act  as  a  reservoir 
of  the  disease  accounted  for  the  carious  fact  that  Tsetse-fly  Disease  disappears 
from  a  tract  of  country  as  soon  as  the  wild  animals  are  killed  ofi*  or  driven  away. 

In  1895  the  living  trypanosome  which  causes  the  Tsetse-fly  Disease  was  sent 
to  England  in  the  blood  of  living  dogs,  in  order  that  it  might  be  studied  in  the 
Englisli  laboratories.  These  trypanosomes  have  been  kept  alive  ever  since  by 
passage  from  animal  to  animal,  and  have  been  sent  all  over  Europe  and  America, 
so  that  our  knowledge  of  this  kind  of  blood  parasite  has  rapidly  grown. 

Koch,  in  a  recent  address,  says  that  our  knowledge  of  protozoal  diseases  is 
based  on  three  great  discoveries — that  of  the  malarial  parasite,  by  Laveran ;  of 
the  PiropUuma  higefininum,  the  cause  of  Texas  Fever  or  Redwater  in  cattle,  by 
Smith ;  and,  lastly,  thi/i  discovery  of  a  trypanosome  in  Tsetse-fly  Disease. 

We  may  therefore,  I  think,  congratulate  ourselves  on  the  growth  of  our 
knowledge  of  this  great  stock  disease  during  the  last  ten  years. 

Since  1895  many  other  trypanosome  diseases  have  been  discovered  in  all  parts 
of  the  world.  The  latest  and  most  important  of  these  is  one  which  anects 
human  beings,  and  is  known  as '  Sleeping  Sickness.'  This '  Sleeping  Sickness,' which 
ocx^urs  on  the  West  Coast  of  Africa,  particularly  in  the  basin  of  the  Congo,  has 
within  the  last  few  years  spread  eastward  into  Uganda,  has  already  swept  off 
some  hundreds  of  thousands  of  victims,  is  spreading  down  the  Nile,  has  spread  all 
round  the  shores  of  Lake  Victoria,  and  is  still  spreading  southward  round  Lakes 
Albert  and  Albert  Edward.  This  disease  is  in  all  respects  similar  to  the  Nagsioa 
or  Tsetse-fly  Disease  of  South  Africa,  except  that  it  is  caused  by  another  species 
of  trypanosome  and  carried  from  the  sick  to  the  healthy  by  means  of  another 
species  of  tsetse-fly — viz.  the  Glosstna  palpalis, 

I  now  throw  on  the  screen  a  map  of  Africa,  showing,  as  far  as  is  known  up  to 
the  present,  the  various  fly  districts,  and  you  will  see  from  this  map  that  it  is  not 
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at  all  improbable  that  this  haman  Tsetse-flj  Disease  may  spread  southward  through 
the  various  fly  districts  to  the  Zambesi,  and  may  even  penetrate  as  far  as  the  fly 
districts  of  the  Transvaal  and  Zululand. 

I  am  sorry  to  say  that,  in  spite  of  innumerable  experiments  directed  towards 
the  discovery  of  some  method  or  vaccination  or  inoculation  against  these  trypano- 
some  diseases,  nothing  definite,  up  to  the  present  time,  has  been  discovered.  At 
present  there  does  not  seem  to  be  any  likelihood  that  a  serum  can  be  prepared 
which  will  render  animals  immune  to  the  Tsetse-fly  Disease.  In  the  same  way  it 
has  also  been  found  impossible,  up  to  the  present,  to  so  modify  the  virulence  of 
the  trypanosome  as  to  gi^e  rise  to  a  modified,  non-fat-al  form  of  the  disease. 
Aniin,  all  attempts  at  discovering  a  medicine  or  drug  which  will  have  thepower  of 
killing  off  the  parasites  within  tne  animal  organism,  without  at  the  same  time 
killing  the  animal  itself,  have  not  as  yet  been  successful,  although  some  drugs, 
such  as  arsenic  and  certain  aniline  dyes  ^Ehrlich),  have  a  very  marked  effect  in 
prolonging  the  life  of  the  animal.  As  this  disease  is  fatal  to  almost  every  domestic 
animal  it  attacks,  it  seems  very  improbable  that  there  is  much  chance  of  culti- 
vating an  immune  race  of  horses,  aogs,  or  cattle  which  will  be  able  to  withstand 
the  action  of  the  parasite.  It  is  quite  evident  that  if  an  acquired  immunity  of 
this  kind  could  be  brought  about,  such  a  race  of  immune  animals  would  now  be 
found ;  but,  as  a  matter  of  fact,  there  are  no  horses,  dogs,  or  cattle  in  the  '  fly 
Country.'  In  other  protozoal  diseases,  such  as  the  Piroplasmata,  this  acquired 
immunity  seems  to  come  about  fairly  readily. 

To  sum  up,  then,  the  increase  in  our  knowledge  of  Tsetse-fly  Disease  during  the 
last  ten  jears,  we  may  say  that  we  have  discovered  the  cause  in  the  shape  of  the 
small  blood  parasite  Trynanosoma ;  we  have  found  that  the  reservoir  of  the  disease 
exists  in  the  wild  animals,  and  that  we  can  blot  out  this. disease  from  any  par- 
ticular tract  of  country  by  the  simple  expedient  of  destroying  or  driving  away  the 
wild  animals.  We  still  have  no  means  of  preventive  inoculation  or  successful 
medicinal  treatment  in  this  disease. 

2.  Trypatiosomiasis  of  Cattle, 

This  disease  seems  to  be  widespread  over  all  South  Africa.  It  cannot  be  said 
to  be  of  much  practical  importance,  as  the  cattle  infected  do  not  seem  to  be 
seriously  affected  by  it.  It  is  caused  by  a  species  of  trypanosome  remarkable  for 
its  large  size,'  which  was  discovered  by  Dr.  Theiler  some  years  ago,  and  named 
T.  theileri. 

Dr.  Theiler  states  that  it  is  conveyed  from  animal  to  animal  by  the  common 
horse-fly,  Hippabotcn  ritfipes. 

This,  then,  is  a  short  account  of  the  trypanosome  diseases  which  affect  South 
Africa. 

Of  late  3?  ears  the  Tsetse-fly  Disease  has  become  of  less  practical  importance  to 
the  Transvaal,  from  which  it  has  practically  disappeared.  This  is  due  to  the  dis- 
appearance of  the  game,  killed  off  by  Rinderpest ;  but  with  the  preservation  and 
restoration  of  the  reserves  with  big  game  the  disease  is  certain  to,reappear.  Why 
the  fly  should  disappear  with  the  game  is  not  known. 

B,  Parasite  v/ahnown, 
I.  Hinderpest, 

We  now  turn  our  attention  to  the  important  diseases  of  the  second  group.  In 
these  the  parasites  causing  them  are  unKnown — that  is  to  say,  no  parasites  can 
be  detected  by  the  microscope  or  by  culture — but  it  is  equally  true  that  they  must 
be  present  in  the  blood  and  fluids  of  the  sick  animals  in  some  form  or  other.  In 
all  probability  they  are  ultra-microscopic — too  small  to  be  seen  with  our  present 
instruments.  This  is  borne  out  bv  the  fact  that  they  are  able  to  pass  through  the 
pores  of  porcelain  filters,  which  keep  baok  the  smallest  micro-organisms  we  are 
able  to  recognise. 

The  first  of  the  second  group  of  diseases  is  Rinderpest,  which  has  overrun  and 
devastated  South  Africa  within  the  last  ten  years. 
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Rinderpest  has  been  known  from  time  immemorial  in  Europe  and  Central  Asia, 
and  is  an  exceedingly  fatal  diseasei  killing  90  to  100  per  cent,  of  the  cattle 
attacked. 

The  recent  epidemic,  according  to  some,  originated  in  the  Nile  provinoeSy  and 
slowly  crept  southwards,  reaching  the  TransvafJ.  in  1896,  after  a  journey  lasting 
some  fifteen  years.  Great  efforts  were  made  to  oppose  its  passage,  but  nothing 
seemed  to  avail.  In  parts  of  the  country  where  there  were  few  or  no  cattle  the 
epidemic  spread  by  means  of  the  wild  animals — particularly  the  buffalo — which 
have  been  exterminated  in  many  places. 

Ten  years  ago  the  symptoms  and  contagious  nature  of  this  disease  were  well 
known,  but  nothing  was  known  as  to  methods  of  prevention,  and  it  is  to  the 
investigation  of  this  epidemic  in  South  Africa  that  the  discovery  of  practical 
methods  of  immunising  cattle,  and  in  this  way  of  stamping  out  the  disease,  is  due. 

As  soon  as  it  was  apparent  that  the  epidemic  was  spreading  into  South  Africa, 
all  the  Colonies  made  strenuous  efforts  to  combat  it.  The  Transvaal  Government 
invoked  the  aid  of  the  Pasteur  Institute,  and  Messrs.  Bordet  and  Danysz  were 
sent  out  to  discover  some  method  of  prevention.  They  worked  near  Pretoria,  and 
were  assisted  by  Dr.  Theiler,  then  the  Principal  Veterinary  Suigeon.  Before  they 
arrived  on  the  scene  the  Natal  Government  had  despatched  Mr.  Watkins-Pitchford, 
their  Principal  Veterinary  Surgeon,  to  the  Transvaal,  where  he  also  at  first  had 
Dr.  Theiler  as  his  colleague,  and  where  he  did  some  good  pioneer  work  in  the 
serum  therapeutics  of  the  disease.  In  the  Cape  Colony  Dr.  Hutcheon,  the 
Principal  Veterinary  Surgeon,  and  Dr.  Edington,  the  Government  bacteriologist, 
were  no  less  active.  It  is,  however,  to  Professor  Robert  Koch,  of  Berlin,  that 
the  honour  is  undoubtedly  due  of  first  publishing  a  practical  method  of 
immunising  cattle  agajnst  Rinderpest.  He  arrived  at  Kimberley  on  December  6, 
1896,  and  in  the  incredibly  short  space  of  time  of  two  months  vtras  able  to  report 
two  methods  of  immunising,  yiz.  by  the  injection  of  Rinderpest  bile,  and, 
secondly,  by  the  injection  of  serum  from  immune  animals.  1  have  always 
thought  that  the  discovery  that  the  injection  of  bile  taken  from  an  animal  dead  of 
Rinderpest  rendered  cattle  immune  was  particularly  brilliant.  Up  to  that  time  no 
one  had  dreamt  that  bile  could  possess  such  a  quality.  It  is  true  that  both 
Transvaal  and  Orange  Free  State  Boers  are  said  to  have  used  a  mixture  of  bile 
and  blood  from  dead  animals  before  Koch's  researches,  and  also  that  Semmer  in 
1898  showed  that  serum  might  be  used  for  protective  purposes ;  but  still  to  Koch 
is  due  the  credit  of  making  these  processes  practical.  After  he  left  South  Africa 
his  work  was  continued  by  KoUe  and  Turner,  who  greatly  improved  the  methods ; 
and  it  is  to  them,  and  to  the  other  workers  mentioned  above,  that  we  owe  the 
fact  that  Rinderpest  has  now  lost  its  terrors. 

In  the  last  recrudescence  of  this  disease  in  the  Transvaal,  in  1904,  Mr.  Stewart 
Stockman,  the  Principal  Veterinary  Surgeon,  and  Dr.  Theiler,  thanks  to  the 
experience  and  knowledge  gained  during  the  last  ten  years,  were  enabled  to  stamp 
out  the  disease  rapidly  and  completely.  It  is  to  them  also  that  we  owe  our 
knowledge  of  the  dangers  of  the  intensive  method  of  inoculation,  much  used  in  the 
past  and  due  to  Kolle  and  Turner,  and  the  introduction  of  the  fighting  against 
the  plague  by  the  inoculation  of  the  healthy  cattle  by  injections  of  immune  serum 
alone. 

In  the  Tsetse-fly  Disease  our  advance  in  knowledge  has  been  in  regard  to  the 
causation  of  the  disease,  and  not  in  its  prevention ;  it  is  quite  otherwise  with 
Rinderpest.  The  contagion  or  cause  of  Rinderpest  is  absolutely  unknown.  We 
know  it  exists  in  the  blood,  nasal,  mucous,  and  other  secretions  of  the  sick  animal, 
as  all  these  are  infective,  but  no  one  has  seen  it.  The  smallest  quantity  of  blood 
will  give  the  disease  if  injected  under  the  skin  of  a  healthy  animal.  We  also 
know  that  the  contagium  is  not  very  resistant.  Blood  soon  loses  its  virulence 
after  it  leaves  the  body,  and  the  effect  of  drying  or  the  addition  of  chemical 
preservatives,  such  as  glycerine,  act  also  injuriously  to  the  contagium,  whatever  it 
may  be.  It  evidently  belongs  to  the  ultra-visible  sort  of  micro-organisms,  as  it  is 
said  to  pass  through  a  porcelain  filter. 

How  the  contagium  passes  from  the  sick  to  the  healthy  is  ass^ed  to  be  by 
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contact.  No  experiments  have,  as  far  as  I  am  aware^  been  made  as  to  whether  it 
is  conveyed  by  insects  as  well ;  but,  as  Professor  John  MacFadyean  says,  as  it  spreads 
in  all  countries  and  climates  and  seasons,  and  the  contaffium  is  e&sUy  earned  on 
the  persons  or  clothes  of  human  beings,  it  is  improbable  that  insects  have  anything 
to  do  with  it. 

It  is  in  the  methods  of  protective  inoculation  that  the  great  advance  has  been 
made  io  our  knowledge  of  this  disease.  Ten  years  ago  no  means  were  available  to 
stay  the  progress  of  this  plague ;  now  it  has  lost  its  terrors.  As  soon  as  it  appears 
it  can  be  immediately  attacked  and  stamped  out.  This  is  done  by  rendering  the 
surrounding  cattle  immune  to  the  disease  by  injecting  immune  serum.  This  serum 
is  prepared  by  taking  immune  cattle  and  hyper-immunising  them  by  the  injection 
of  large  quantities  of  virulent  blood,  so  as  to  make  their  blood  serum  as  anti-toxic 
as  possible.  If  there  are  no  immune  cattle  at  hand,  cattle  can  be  immunised  by 
Koch's  bile  injection  method  and  then  hyper-immunised ;  but,  of  course,  in 
practice — for  example,  here  in  the  Transvaal — large  quantities  of  immune  serum  are 
kept  ready  for  emergencies,  and  a  herd  of  immune  cattle  kept  up  for  the  supply  of 
the  serum.  This  satisfactory  state  of  affairs,  as  far  as  this  disease  is  concerned,  is, 
of  course,  the  outcome  of  an  immense  amount  of  thought  and  experiment,  and  I 
have  already  mentioned  the  chief  scientific  men  to  whom  this  country  owes  this 
great  boon. 

Different  methods  of  immunising  have  been  tried  during  these  years.  Up  to 
1903  the  prevailing  custom  was  to  use  what  was  known  as  the  virulent-blood  and 
serum  method.  That  is  to  say,  immune  serum  and  virulent  blood  were  inject<ed 
at  the  same  time^  in  order  that  the  animal  might  pass  through  a  modified  attack 
of  the  disease.  Since  1908,  however,  in  the  Transvaal  this  method  has  been 
stopped,  and  the  *  serum  alone '  method  introduced.  This  method  is  based  on  the 
fact  that  the  virus  of  Rinderpest  does  not  retain  its  infective  property  outside  the 
body  for  more  than  a  day  or  two ;  that  it  dies  out  in  the  animal,  as  a  rule,  in 
fourteen  days,  but  in  chronic  cases  only  after  thirtv  days,  and  that  therefore  the 
healthy  cattle  in  an  affected  herd  must  be  protected  for  this  length  of  time.  Now 
'  serum  alone '  onl^  protects  for  about  ten  days,  and  therefore  t^e  cattle  must  be 
inoculated  three  times  at  intervals  of  ten  days.  The  doses  of  serum  must  also  be 
large — ^from  50  cc.  to  200  cc. — so  that  this  method  of  stamping  out  Rinderpest, 
although  quite  efficacious,  entails  a  good  deal  of  labour.  It  is  necessary,  then,  to 
spare  no  expense  in  making  the  Veterinary  Department  efficient,  and  any  cheese- 
paring legidation  in  this  direction  may  be  disastrous. 

II.  Horse-iickness, 

The  next  stock  plague  I  would  bring  before  your  notice  is  Horse-sickness. 
This  is  a  disease  which  only  affects  equines — the  horse,  mule,  and  rarely  the 
donkey.  It  is  a  very  fatal  disease,  carrying  off  thousands  of  horses  every  year. 
It  is  one  of  the  most  important  diseases  in  South  Africa,  and,  if  it  could  be  coped 
with,  would  enable  the  Transvaal  to  become  one  of  the  best  horse-breeding 
countries  in  the  world.  At  present  it  is  dangerous  for  anyone  in  Natal  and  many 
parts  of  the  Transvaal  to  possess  a  valuable  horse,  the  chances  of  losing  it  by 
Horse-sickness  being  so  great. 

In  1895,  when  I  went  to  the  north  of  Zululand  with  the  Ingwavuma  Expe- 
dition, we  lost  all  our  horses  with  this  disease.  We  started  with  a  hundred  horses, 
and  had  to  march  back  on  foot,  every  horse  having  died. 

Ten  years  ago,  when  I  arrived  in  South  Africa,  our  knowledge  of  this  disease 
was  confined  to  the  disease  itself;  nothing  was  known  as  to  its  causation  or  pre- 
vention. Credit  is  due  to  Dr.  Edington  for  having  accurately  described  the 
lesions  and  shown  its  ready  inoculability,  period  of  incubation,  &c.  He,  how- 
ever, fell  into  the  mistake  of  attributing  its  causation  to  a  species  of  mould 
fungus. 

•  Etiology:  Qeoffraphical  Distribution. — Horse-sickness  is  widely  distributed 
throughout  Africa.  It  is  common  in  Natal,  Zululand,  the  greater  part  of  the 
Transvaal,  Rhodesia,  Bechuanaland,  and  Portuguese  East  Africa.  In  Cape  Colony 
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it  oocurg  in  epidemics,  with  inteirals  of  ten  to  twenty  years.  It  is  undoubtedly  a 
disease  which  prevails  chiefly  in  Uw-lyrng  hcalitiet  and  valleys,  and  is  but  rarely 
met  with  in  elevated  exposed  positions.  It,  however,  is  met  with  now  and  then 
in  river  valleys  up  to  an  elevation  of  some  thousands  of  feet.  Season  has  also  a 
remarlcable  influence  on  its  development,  being  exceedingly  common  in  summer 
and  disappearing  on  the  appearance  of  the  first  frosts  of  winter 

Ten  years  ago  various  theories  were  held  as  to  tlie  cause  of  this  disease.  Some 
people  thought  that  it  was  due  to  eating  poisonous  herbs;  others,  to  some 
peculiaritv  or  state  of  the  night  atmosphere ;  others,  to  eating  grass  covered  vrith 
dew ;  and  still  others,  to  the  eating  of  the  spiders*  webs  which  may  be  seen  on  the 
grass  in  the  morning.  It  was  known  at  that  time  not  to  be  contagious  in  the 
ordinary  sense  of  that  term ;  that  is  to  say,  a  horse  could  be  stabled  alongside 
a  case  of  Horse-sickness  without  incurring  the  disease,  or  a  horse  miffht  be 
placed  without  danger  in  the  same  stall  in  which  a  horse  had  recently  died  of 
Horse-sickness. 

Nature  of  the  Disease. — A  horse  which  has  been  exposed  to  infection  shows 
no  signs  of  the  disease  for  about  a  week.  Its  temperature  then  goes  up  rapidlv, 
and  it  dies  after  four  or  five  days*  illness.  Very  often  the  horse  appears  peifectly 
wdl  until  within  a  few  hours  of  death.  For  example,  my  horse  was  the  last  one 
to  die  on  the  Ingwavuma  Expedition.  On  the  day  of  his  death  I  rode  him  until 
noon  without  noticing  anything  amiss.  He  then  became  rather  dull  in  his  move- 
ments, and  I  handed  him  over  to  the  groom  to  lead.  He  died  that  evening  imme- 
diately after  we  got  into  camp.  It  is,  therefore,  a  very  rapidly  fatal  disease,  and 
almost  every  horse  which  is  attacked  by  it  succumbs.  I  have  never  seen  a  case  of 
Horse-sickness  which  had  been  brought  on  by  artificial  inoculation  recover.  But 
there  can  be  no  doubt  that  a  small  percentage  of  horses  infected  naturally  do 
recover,  and  these  recovered  horses  are,  more  or  less,  immune  in  future  to  the 
disease.  There  is  no  necessity  for  me  to  describe  the  symptoms  of  this  well-known 
disease,  as  everyone  who  has  to  do  with  horses  in  South  Africa  is  perfectly  familiar 
with  it,  and  everyone  has  seen  dead  horses  with  the  characteristic  mass  of  white 
foam  issuing  from  their  nostrils,  due  to  the  eflusion  of  the  liquid  part  of  the  blood 
into  the  lungs  and  trachea. 

Nature  of  the  Virus  which  causes  this  Disease. — There  can  be  no  doubt  that 
this  disease/like  the  Tsetse-fly  Disease,  is  caused  by  some  form  of  blood  parasite. 
A  small  quantity  of  fluid  taken  from  any  part  of  a  horse  suffering  from  Horse- 
sickness  is  capable  of  giving  rise  to  the  disease  if  injected  under  the  skin  of  a 
healthy  horse.  For  example :  the  thousandth  part  of  a  drop  of  blood  f^m  a  fdck 
horse  will,  in  many  cases,  give  rise  to  the  disease  if  injected  under  the  skin  of  a 
healthy  horse.  It  must  be  admitted,  however,  that  some  horses  require  a  larger 
dose  than  others,  but  it  may  be  said  that  no  horse  has  yet  been  found  to  withstand 
more  than  a  comparatively  small  quantity  of  infective  blood  thrown  under  the 
skin.  Now,  although  every  drop  of  blood  must  contain  many  of  the  organisms 
of  this  disease,  yet  the  most  care  ml  examination  of  such  blood  under  the  nighest 
powers  of  the  microscope  reveals  nothing.  Again,  if  we  filter  Horse-sickness 
olood  through  a  porcelain  filter — a  filter  wnich  is  capable  of  keeping  back  all  the 
known  visible  micro-organisms — the  filtrate  is  found  to  be  virulent.  It  is  evident, 
then,  that  we  are  here  dealing  with  a  blood  parasite  so  small  in  size  as  to  be 
absolutely  invisible  to  the  highest  powers  of  the  microscope,  and  also  so  minute 
as  to  readily  pass  through  the  pores  of  a  Chamberland  filter.  What  the  nature 
of  this  parasite  is  one  cannot  tell.  It  behaves  in  many  curious  ways.  For  ex- 
ample, Uoite-sickness  blood  which  is  simply  dried  and  pounded  into  powder  is 
found  to  be  perfectly  inert.  On  the  other  hand,  blood  kept  in  the  moist  condition 
remains  virulent  and  capable  of  giving  rise  to  the  disease  for  years.  Or,  again, 
the  germ  of  Horse-sickness  is  so  resistant  to  external  agencies  that  if,  as  described 
by  MacFadyean,  a  part  of  the  liver  of  a  horse  dead  from  Horse-sickness  be  buried  in 
the  ground  and  subjected  to  putrefaction,  it  is  found  that  the  liver  tissue  retains 
its  infectivity  for  months.  Although  a  very  small  quantity  of  blood  introduced 
under  the  skin  of  a  horse  will  almost  certainly  give  rise  to  the  disease,  it  is 
quite  different  if  the  blood  is  introduced  into  the  stomach.    In  the  latter  case  a 
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small  quantity  of  blood  has  no  effect,  and  the  horse  requires  to  be  drenched  with 
a  pint  or  more  before  the  disease  can  be  given  in  this  way. 

The  question  now  arises  as  to  how  horses  are  infected  by  this  disease  in  Nature. 
On  account  of  the  small  quantity  of  blood  which  will  give  rise  to  the  difease  if 
injected  under  the  skin,  and  the  large  quantity  required  before  the  disease  can  be 
conveyed  through  the  stomach,  for  a  Ion?  time  it  has  been  supposed  that  it  must 
be  conveyed  from  sick  to  healthy  horses  oy  means  of  some  biting  insect.  Experi- 
ments have  been  made  within  the  last  few  years  by  Watkins-Pitchford  and  oniers 
in  order  to  clear  up  this  aspect  of  the  question.    Horses  have  been  placed  in  fly- 

Sroof  shelters  in  exceedingly  unhealthv  places,  and  it  was  found  that  in  no  case 
id  any  of  these  protected  horses  incur  the  disease ;  whereas  horses  allowed  to  feed 
in  the  same  place,  but  without  any  shelter,  soon  succumbed  to  the  disease.  But, 
up  to  the  present,  as  far  as  I  am  aware,  the  particular  biting  fly,  mosquito,  or 
other  insect  which  is  the  carrier  of  this  disease  has  not  been  discovered,  and 
there  can  be  no  doubt  that  one  of  the  most  important  facts  to  make  out  in  the 
etiology  of  this  disease  is  the  discovery  of  the  particular  insect  which  conveys  the 
disease  from  the  sick  t^  the  healthy.  Bv  this  discovery  a  flood  of  light  may  be 
thrown  on  the  causation  of  the  disease,  and  some  means  discovered  of  combating 
the  disease  through  the  insect,  as  has  been  successful  in  some  instances  in  regard 
to  the  case  of  human  malaria. 

Professor  MacFadyean  also  suggests  that  experiments  are  needed  to  show  what 
is  the  '  reservoir '  of  the  virus. 

Preventum. — A^lthough  we  have  been  unfortunate  up  the  present  in  not  being 
able  to  make  out  the  exact  nature  of  the  parasitic  cause  of  tnis  disease,  or  to  dis- 
cover the  exact  insect  which  carries  it,  a  large  amount  of  patient  persevering  work 
has  been  done  within  the  last  ten  years  in  regard  to  its  prevention  by  protective 
inoculation. 

In  this  important  work  Bordet,  Edington,  Koch,  Theiler,  Watkius-Pitchford, 
and  others  have  laboured  for  many  years,  and,  according  to  recent  reports,  with 
some  measure  of  success. 

Dr.  Edington,  for  example,  who  has  been  working  at  this  problem  for  several 
years,  reports  that  Heart- water  is  identical  with  Horse-dckness,  and  that  by  inocu- 
lating mules  with  Heart-water  blood  he  has  been  able  to  salt  them  against  Horse- 
sickness.  He  says  that  experiments  testing  this  vaccine  show  it  to  be  an  ideal  one. 
It  gives  a  high  protection  to  the  animals  inoculated.  Its  keeping  powers  are 
excellent.  No  animal  has  died  as  the  result  of  this  inoculation,  nor  has  any 
dangerous  symptom  been  produced.  He  states  that  he  is  not  in  a  position  to 
supply  a  vaccine  for  Horse-sickness  in  horses,  but  has  every  hope  of  attaining  this 
successful  end  very  shortly. 

We  must  congratulate  Dr.  Edington  on  his  results,  and  trust  that  this  method 
of  conferring  immunity  may  prove  itself  to  be  successful  when  put  to  practical  use. 
For  my  part,  I  am  somewhat  sceptical  of  Dr.  Edington's  methods  of  immunising 
against  Horse-sickness.  I  am  sure  he  will  forgive  my  expression  of  scepticism 
when  I  recall  to  his  memory  the  various  methods  he  has  already  brought  forward, 
just  as  optimistically,  and  which  have  all  been  tried  and  found  wanting. 

Dr.  Koch  has  lately  recommended  a  method  of  immunisation  a^inst  Horse- 
sickness.  This  is  the  artificial  establishment  of  an  active  immunity  in  susceptible 
animals  by  gradually  increased  doses  of  virulent  blood,  alternated  in  the  early 
stages  of  treatment  with  the  injection  of  serum  nrepared  from  the  blood  of  highly 
fortified  salted  horses.  Mr.  Gray  reports  that  the  experiments  already  conducted 
on  these  lines  show  that  the  process  as  laid  down  \ij  Koch  requires  important 
modification  before  the  process  of  establishing  immunity  against  Horse-sickness 
can  be  of  any  practical  use. 

Mr.  Watkins-Pitchford  in  Natal  is  also  hopeful  of  succeeding  in  producing 
immunitv  against  Horse-sickness. 

Dr.  Theiler,  too,  reports  that  he  has  succeeded  in  producing  a  serum  which  can 
be  utilised  in  connection  with  virulent  blood  to  confer  active  immunity.  He 
informs  me  that  his  method  is  a  subcutaneous  injection  of  serum  and  an  intra- 
jugular  injection  of  virus  carried  out  nmultaneously.    The  death  rate  in  multo, 
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Arom  the  effect  of  the  inoculation,  he  states  to  be  about  6  per  cent.  It  is  higher  in 
horseSi  but  he  expects  shortly  to  attain  the  same  result  in  them.  During  uie  last 
Horse-sickness  season  he  exposed  200  immunised  mules  to  natural  infection  in 
various  parts  of  the  countr]r.  Of  that  number  only  one  died  with  symptoms  of 
Horse-sickness.  As  Dr.  Theiler  is  himself  communicating  his  method  in  detail  to 
the  Association,  I  need  not  enter  more  fully  into  it. 

The  man  who  discoyers  a  practical  method  of  dealing  with  Horse-sickness 
will  be  one  of  the  greatest  benefactors  of  this  country.  There  has  always  been  a 
tradition  that  a  large  money  reward  is  awaiting  this  discoyery.  I  do  not  know 
whether  this  is  well  founded  or  not,  but  certainly  such  a  work  would  well  deserve 
the  highest  possible  reward.  The  best  reward  is  to  g^ve  the  successful  investigator 
more  opportunity  and  more  assistance  in  pursuing  his  beneficent  work.  The 
reward  given  by  the  French  people  to  Pasteur  was  the  Pasteur  Institute ;  by  the 
(German  Qovemment  to  Koch,  the  Imperial  Hygienic  Institution. 

Catarrhal  Fever  of  Sheep :  Blue  Tongue, 

Tlds  disease  was  first  described  by  Ilutcheon,  the  Chief  Veterinary  Surgeon  of 
Cape  Colony.^  It  is  yery  similar  in  many  respects  to  Horse-sickness.  Both  these 
diseases  occur  most  often  in  low-lying,  damp  situations,  such  as  river  valleys  and 
the  coast  plain.  They  also  occur  at  the  same  time  of  the  year ;  that  is,  &om 
January  to  April.  Blue  Tongue,  like  Horse-sickness,  is  probably  carried  from  the 
sick  to  the  healthy  by  means  of  some  night -feeding  insect.  At  the  same  time  the 
diseases  are  not  identical,  since  the  inoculation  of  Horse-sickness  blood  into  a  sheep 
does  not  give  rise  to  Blue  Tongue,  nor  the  blood  of  the  sheep  injected  into  the  horse 
^ve  rise  to  Horse-^ckness. 

To  Mr.  Spreuill,  Qovemment  Veterinary  Surgeon  in  Cape  Colony,  acting  under 
the  advice  oi  Hutcheon,  is  due  the  credit  of  ]^rovin^  that  a  preventive  serum  could 
be  prepared  capable  of  immunising  sheep  against  this  disease.  Dr.  Theiler  informs 
me  he  has  repeated  Mr.  Spreuill's  experiments,  and  they  hope  to  introduce  this 
method  of  inoculation  at  an  early  date. 

Heart-water  of  Cattle^  Goats^  a/nd  Sheep. 

This  disease  was  also  first  clearly  described  by  Mr.  Hutcheon.  It  occurs  in 
the  Transvaal,  Natal,  and  Cape  Colony,  and  is  responsible  for  much  of  the  yearly 
loss  among  the  cattle,  sheep,  and  goats. 

Like  the  last  disease — Blue  Tongue — it  resembles  Horse- sickness  in  many  ways, 
and,  in  fact,  has  been  described  by  Dr.  Edington  as  being  identical  with  it.  Like 
Horse-sickness,  it  is  a  blood  disease  with  an  invisible  parasite,  so  that  blood 
injected  under  the  skin  of  susceptible  animals  gives  rise  to  the  disease.  One 
difierence  between  the  parasites  of  the  two  diseases  is,  that  whereas  that  of  Horee- 
sickness  is  contained  in  the  fluid  of  the  blood,  that  of  Heart-water  is  probably 
restricted  to  the  red  blood-corpuscles.  The  serum  separated  from  the  blood  is 
incapable  of  giving  rise  to  the  disease,  and  the  straw-coloured  pericardial  fluid,  when 
injected  into  susceptible  animals,  fails  to  give  rise  to  any  symptoms  of  the  disease. 
l£>r8e-sickne8S  blood  filtered  through  a  porcelain  filter  is  stifi  infective ;  the  opposite 
holds  good  up  to  the  present  with  Heart- water.  Horsensickness  blood  can  be  kept 
for  years  witnout  losing  its  virulence  j  Heart-water  blood  loses  it  in  forty-eight 
hours. 

Heart-water  has  a  peculiar  distribution,  being  restricted  to  the  certam  tracts 
of  country  with  a  warm,  moist  climate.  It  is  known  to  farmers  that  if  they 
remove  their  flocks  to  the  high  veld  the  disease  dies  out. 

To  Lounsbury  is  due  the  credit  of  explaining  these  facts.  He  found  that  the 
disease  is  carried  from  sick  to  healthy  animals   by  means  of  the  bont  tick, 

'  It  is  to  Mr.  Hutcheon  that  South  Africa  owes  its  knowledge  of  many  stock 
diseases.  For  the  last  twenty-five  years  he  has  laboured  with  the  utmost  earnestness 
in  Cape  Colony,  often  under  trying  conditions,  and  his  description  of  the  various 
diseases  formed  the  basis  of  all  the  modern  work  done  on  the  subject. 
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AtMyomma  hebraum,  Tliis  tick  leaves  its  host  between  each  moulting,  and  a 
larva  which  sucks  the  blood  of  an  infected  animal  is  capable  of  giving  rise  to  the 
disease  iu  a  susceptible  animal  either  as  a  nympha  or  imago.  The  distribution  ot 
this  tick  corresponds  to  the  distribution  of  the  disease.  If  this  tick  could  be 
killed  off,  the  disease  would  disappear  from  the  country.  This  could  doubtless  be 
done  on  individual  farms  b^  long-continued  dipping ;  but  in  the  meantime  some 
method  of  immunisation  might  be  devised. 


CAPE  TOWN. 

WEDNESDAY,  AUGUST  16. 

Discussion  an  the  Effect  of  Cliinate  ujwn  Health, 

Sir  LA.UDBB  Bbunion  said  the  effect  of  climate  upon  health  was  very  ill- 
understood.  It  was  in  the  same  crude  condition  as  the  effect  of  drugs  had  been 
forty  years  ago.  Any  particular  climate  was  the  resultant  of  many  factors,  and 
was,  as  a  rule,  very  incompletely  analysed  into  its  components. 

Three  primary  points  had  to  be  considered  with  regard  to  any  climate,  namely, 
its  action  (1)  on  the  human  body ;  (2)  on  the  organisms  which  give  rise  to  disease ; 
(3)  on  the  carriers  of  disease. 

Tlie  most  general  way  of  commencing  an  investigation  of  the  subject  would  be 
a  consideration  of  the  effect  of  various  climatic  conditions  upon  protoplasm.  For 
every  cell  there  was  an  optimum  temperature  correlated  with  an  optimum  humidity ; 
there  was  also  an  optimum  degree  of  salinity  for  cells  in  a  fluid  medium.  A.  series 
of  determinations  was  necessary  in  order  to  obtain  a  definite  guide  as  to  the 
needs  of  the  cells  in  the  human  body  for  water.  The  optimum  of  temperature  for 
the  body  was  98^*4  F.  When  the  temperature  fell  below  that  the  force  and  rapidity 
of  muscular  contraction  altered.  The  same  diminution  in  vitality  was  to  be  seen 
in  the  metabolism  generally.  The  amount  of  heat  produced  in  the  tissues  was  a 
very  important  factor  in  the  temperature  regulation  of  the  bodv ;  this  in  its  turn 
depended  upon  the  degree  of  activity  of  the  various  organs.  Tnis  point  would  be 
dealt  with  in  greater  detail  by  Mr.  Barcroft  at  a  later  stage  In  the  discussion. 
Over-exertion,  no wever,  predisposed  to  heat  apoplexy,  and  complete  inaction  led 
to  similar  result.  Climate,  both  in  the  matter  of  temperature  and  of  moisture, 
was  much  affected  by  the  nature  of  the  soil.  The  soil  also  affected  health  by 
imparting  its  saline  ingredients  to  the  water,  and  the  effects  so  produced  on  the 
patient  were  often  mistaken  fur  climatic  effects.  High  winds  intensified  the 
general  thermal  conditions.  Of  the  effect  of  electrical  changes  little  was  known. 
It  was  a  matter  of  common  knowledge  that  thunder  was  accompanied  by  head- 
ache, depression,  and  duluess  in  the  case  of  many  people.  Weir-Mitchell  had 
gone  rather  more  definitely  into  the  matter,  and  had  found  by  a  comparison  of 
the  reports  from  his  patients  with  those  of  the  meteorological  authorities  that 
a  wave  of  pain  passed  over  the  American  continent  synchronously  with  a  wave  of 
electrical  disturbance,  as  evidenced  by  rainstorms,  traversing  the  United  States. 
The  rain  areas  were  concentric  with,  but  smaller  than,  the  pain  areas.  Changes 
in  barometric  pressure  had  been  studied  by  Dexter,  who  correlated  a  low  pressure 
with  crime,  insanity,  bad  conduct,  siclmess,  and  suicide ;  with  a  high  glass 
drunkenness  was  reduced  and  clerical  errors  were  fewer. 

Dr.  QnBaoBT  dwelt  on  the  lack  of  meteorological  statistics  which  South  Africa 
could  provide  in  years  past.  In  South  Africa  there  were  only  two  winds,  easterly 
and  westerly,  each  of  which  blew  for  half  the  year.  It  was  noticeable  that 
infectious  diseases,  as  smnll-poz,  typhoid,  scarlatina,  and  influenza,  occurred  in  a 
very  mild  form.  Tuberculosis,  however,  was  becoming  a  great  scourge,  causing 
a  death-rate  of  17  per  1,000  among  the  natives  and  7  per  1,000  amongst  the 
white  population.  It  did  not  seem  clear  whether  or  not  these  facts  were  due  to 
the  climate. 

Professor  Bohb  spoke  specially  of  the  effect  of  high  altitude.    He  said  that 
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moat  observers  were  agreed  that  about  thirty  millimetres  was  the  lowest  oxjgen 
tension  at  which  health  could  be  maintained.  Whilst  this  is  the  result  of  experi- 
ence tbe  result  of  bb  own  experimenta  had  been  such  as  to  provide  a  reason  whj  thia 
should  be  the  case.  The  lung  is  covered  everywhere  with  a  film  of  moisture  which 
has  to  take  up  the  oxygen  from  the  alveolar  air.  The  first  question  is  to  consider 
at  what  rate  oxygen  can  be  taken  up  by  this  layer.  This  factor  is  quite  irrespec- 
tive of  anything  which  may  subsequently  happeu  to  the  oxygen. 

The  amount  of  oxygen  taken  up  per  minute  may  be  found  out  as  follows : — 

Let  M  be  the  quantity  taken  up ;  this  may  be  considered  as  tbe  difference 
between  the  quantity  of  oxygen  passing  into  the  surface  and  the  quantity*'  passing 
out  of  it.  Let  8  be  the  surface  oi  the  lung,  and  p  the  partial  pressure  of  oxygen 
in  the  alveolar  air,  whibt^j  is  concentration  of  tbe  gas  in  tbe  surface  film,  then 
"M^psi—p^sei  where  i  and  e  are  two  constants  known  respectively  as  the 
invasion  and  evasion  coefficients.  Reference  to  tbe  detailed  exposition  of  the 
theory  *  shows  that  when  the  conccQtration  of  the  gas  in  tbe  fluid,  as  here,  ie 
expressed  by  the  tension  of  the  gas  in  the  fluid  (p^)  the  constant  e  is  numerically 
equal  to  i ;  we  may  replace  them  by  the  constant  y. 

The  value  of  the  constant  ff  is  experimentally  determined  to  be  0*163  ;  s,  the 
surface  of  the  lungs  iu  square  metres,  is  a  known  quantity ;  M  is  known  to  be 
420  c.c.  per  minute. 

If  now  pi  be  put  at  nothing,  which  is  the  minimum  posdble  value,  p,  the 
lowest  possible  tension  in  the  alveolar  air,  works  out  to  be  29  mm. 

Short  of  this  limitiog  condition,  the  organism  can  compensate  in  various  ways 
for  a  reduced  oxygen  tension,  for  instance,  increased  rapidity  of  circulation  and 
increased  quantity  of  haBmoglobin.  Both  of  these  phenomena  are  observed  in  the 
case  of  residents  at  high  altitudes,  and  also  during  terms  of  strong  muscular 
exercise. 

Another  way  in  which  the  oxygen  tension  in  the  blood  may  be  raised,  and  so 
deficient  respiration  aided,  is  by  an  increase  in  the  carbonic-acid  tension.  The 
carbonic  acia  reacts  upon  the  haemoglobin.  Sometimes  one  of  the  above  forms  of 
compensation  is  used,  sometimes  another ;  hence  the  difference  in  the  observed 
symptoms. 

The  most  prominent  signs  of  mountain  sickness  are  bodily  and  mental  apathy. 
These  are  due  to  decreased  oxygen  tension  in  the  blood.  This  in  turn  may,  m 
some  cases,  be  accentuated  by  a  deficiency  of  carbonic  acid  in  the  blood.'  But 
another  cause  may  be  at  work.  Even  without  undue  muscular  activity,  tbe 
heart,  the  muscles  of  respiration,  and  the  cells  all  over  the  body,  which  are  con- 
cerned in  external  and  internal  respiration,  are  being  taxed  under  unfavourable 
circumstances,  and  therefore  they  become  fatigued.  The  fatigue  is  sometimes 
most  noticed  after  the  object  of  it  has  left  the  rarefied  air.  Cases  of  this  are  quoted 
from  the  Thibet  expedition. 

An  actual  increase  of  metabolism  does  not  seem  to  be  a  constant  factor  in 
mountain  sickness. 

Dr.  J.  A.  Mitchell  said  that  the  secondary  effects  of  climate  were  very 
important ;  for  instance,  much  of  the  disease  in  South  Africa  might  be  attributed 
to  tbe  action  of  the  high  temperfkture  upon  stored  foodstuffs. 

Mr.  J.  Baroroft,  on  the  regulation  of  beat  in  the  body,  said  that  of  the  two 
factors,  heat  production  and  heat  loss,  very  little  comparatively  was  known  about 
the  former.  It  was  customary,  especially  amongst  the  French  physiologists,  to 
consider  that  the  formation  of  heat  took  place  almost  entirely  m  the  muscles. 
This  was  an  erroneous  view.  The  muscles  contributed  much  to  the  heat  of  the  body 
by  reason  of  their  great  mass ;  but  gramme  per  gramme  of  nuiterial,  their  calorific 
power  was  not  nearly  so  high  as  that  of  sucn  organs  as  tbe  pancreas,  the  salivary 
glands,  and  the  kidney,  as  the  following  data  showed.    In  the  last-named  organ 

*  Nugels  Text-booky  art.  '  Respiration.' 
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the  amount  of  energy  transformed  in  the  secretion  of  water  from  the  hody  was 
sufficient  to  raise  the  temperature  of  the  water  between  25°  and  30**  C.  It  thus 
happened  that  unless  the  water  was  cooler  than  the  blood' by  something  like  this 
amount  it  did  not  really  cool  the  body.  Practically  these  results  meant  that  in 
climates  where  the  opportunities  for  loss  of  heat  were  not  great  (not  damp 
climates)  care  should  be  taken  not  to  throw  over  much  work  upon  the  glandular 
organs  by  excesnve  ingestion  either  of  solids  or  fluids. 

Professor  Sims  VVoodhead  pointed  out  the  necessity  of  meteorological  definite 
data  for  the  formulation  of  any  true  conceptions  of  the  effect  of  the  South  African 
climate  upon  health. 


THURSDAY,  AUGUST  17. 
Discussion  on  Stock  Diseases  in  Sonth  Africa. 

Mr.  IIiTTOHEONy  in  opening  the  discussion,  said  that  South  Africa  has  obtained 
an  evil  reputation  regarding  the  number  and  virulence  of  its  stock  diseases,  of 
which  only  *  horse-sickness^ was  indigenous. 

Pleuropneumonia  came  from  Holland  in  1854.  More  recently  '  heart-water  * 
appeared  and  spread  over  the  Colony.  It  is  not  infectious,  but  is  communicable  to 
susceptible  animals  by  inoculation.  The  late  John  Webb  of  Graham's  Town  asso* 
ciated  this  disease  with  the  appearance  of  a  new  tick  now  known  as  Amblyomma 
hebrcntm  (Koch).  This  observation  was  verified  by  Mr.  Lounsbury,  and  is  now 
generally  recognised.  The  organism  which  infects  the  tick  is  hynothetical^  but 
Mr.  Robertson  has  shown  that  it  does  not  pal's  Hirough  a  Berkefela  filter.  Arti- 
ficial infestation  with  pathogenic  ticks  does  not  break  down  the  immunity  which  he 
is  able  to  confer  by  successive  inoculations  so  readily  as  does  intravenous  injection 
of  virulent  blood  (dose  5-10  c.c). 

The  next  animal  plague  that  invaded  South  Africa  was  '  redwater/  '  Texas 
fever/  or  Piroplasma  bovis.  It  came  to  Natal  in  1870,  probably  from  the  East 
Coast.  It  is  now  endemic  throughout  Natal^  much  of  the  Ttansvaal,  Rhodesia^ 
and  Cape  Colony.  It  is  now  combated  with  considerable  success  by  inoculation. 
The  inoculation  takes  place  in  the  winter  and  spring  months,  with  blood  from  an 
infected  animal,  Rlnjncephalus  decoloratus.  The  tick  which  transmits  redwater 
was  discovered  by  Dr.  Theobald  Smith  in  1880. 

Rinderpest  api)eared  opposite  Aden  in  1889,  at  Bulawayo  in  March  1896,  it 
crossed  the  Vaal  in  March  1897,  and  was  checked  most  successfully  by  a  large 
dose  of  standardised  serum.  Coast  fever  was  first  discovered  in  Qerman  East 
Africa  by  Dr.  Koch  in  1897.  It  was  looked  upon  as  a  virulent  form  of  redwater. 
This  is  not  the  case,  but  frequently  occurs  as  a  complication.  The  organism  of 
East  Coast  fever  has  been  described  by  Dr.  Theiler,  P.V.S.  of  the  Transvaal, 
and  called  by  him  Piroplasma  parvum.  Among  other  important  differences 
between  the  two  diseases  this  one  stands  out — namely,  that  while  the  blood  of 
cattle  immune  to  redwater  is  still  infective,  the  blood  of  animals  immune  to 
AMcan  coast  fever  is  not  infective,  not  even  to  ticks. 

Having  considered  biliary  fever,  Piroplasma  egtii  and  Piroplasma  cams  in 
detail,  Dr.  Hutcheon  passed  to  horse-sickness.  The  first  horses  were  imported 
in  1652,  and  they  increased  rapidly  till  1719,  when  horse-sickness  appear^.  It 
reappeared  in  1768  and  carried  ofi^  2,500  horses.  From  time  to  time  it  passes  like 
a  wave  over  the  Colony ;  in  1854  and  1855  70,000  horses  died  of  it,  and  a  like 
number  in  1891  and  1892.  Dr.  Hutcheon  attributed  the  absence  of  horses  in  South 
Africa  to  this  disease,  which  he  regarded  as  being  perpetuated. 

Mr.  Chas.  p.  Lounsbuby  then  communicated  the  cnief  conclusions  drawn  from 
numerous  experiments  conducted  for  the  Cape  Government  during  the  last  five 
years  hj  the  writer  with  the  object  of  elucidating  the  asociation  of  ticks  with  cer- 
tain animal  diseases.  Introductorv  notes  treated  of  the  main  features  in  the 
economy  of  ticks.  Heart-water,  a  feWile  disease  of  cattle,  sheep,  and  goats,  which 
prevents  the  successful  farming  of  woolled  sheep  and  angora  goats  in  an  extensive  p 
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tract  of  country,  has  been  found  to  be  aesociated  with  Amblyomma  hebratan.  The 
tick  becomes  infected  with  the  undiscovered  organism  of  the  disease  in  one  stage 
of  its  life-cycle,  and  communicates  it  at  a  later  stage.  To  some  extent  infection  is 
dependent  on  temperature,  since  the  tick  fails  to  convey  the  disease  if  it  has  not 
been  subjected  to  a  requisite  degree  of  warmth  during  or  subsequent  to  the  transi- 
tion from  one  stage  to  the  other.  Infection  may  be  transmitted  from  one  kind  of 
the  animal  subject  to  it  to  any  of  the  other  kinds.  Sheep  of  the  Persian  breed 
take  the  disease  mildly,  but  the  virulence  of  the  infection  does  not  appear  to  be 
roodi6ed  by  passing  through  them.  The  incubation  period  averages  several  davs 
longer  when  the  infecting  ticks  are  applied  to  the  leg  than  when  applied  to  the 
abdomen ;  but  the  transmission  of  the  infection  is  supposed  to  take  place  within 
twenty-four  hours  after  the  ticks  attach.  Infection  has  resulted  through  the  bite 
of  a  single  tick.  Animals  which  recover  soon  lose  the  capacity  to  infect  ticks,  bat 
it  appeara  that  their  immunity  is  only  relative,  and  it  is  therefore  suspected  that 
they  may  be  a  medium  of  continuing  the  infectionv»  The  progeny  of  the  transmitting 
tick  appears  innocuous.  Canine  piroplasmosis  has  been  found  associated  with 
H{pmapht/sali«  leacki.  The  infection  may  be  derived  from  sick  or  recovered 
animals.  It  appeara  to  be  transmitted  only  by  adult  ticks  which  are  the  progeny 
of  females  off  infective  animals.  In  other  words,  the  infection  passes  through  the 
effg  stage  of  the  tick  and  remains  latent  during  the  larval  and  nymphal  feedings. 
Alost  of  the  experiments  in  connection  with  bovine  piroplasmosis  have  failed  to 
aflbrd  conclusive  results  for  reasons  not  yet  fathomed.  The  only  perfectly  satis- 
factory case  induced  under  observation  by  ticks  was  one  due  to  larval  progeny  of 
Jioophilua  aiistralii  females  off  a  recently  recovered  animal.  B.  decoloratus  is 
presumed  to  be  the  common  transmitter  of  the  disease.  African  coast  fever  has 
Deen  found  to  be  communicated  by  ticks  in  a  manner  analogous  to  heart-water, 
that  is,  by  nymphs  or  adults  which  in  the  previous  stage  fed  on  a  sick  animal. 
Five  species  of  the  sub-genus  Eurhipicephalus,  appendiculatuSf  nitetis  (f),  etvrfW, 
ftimwi,  and  capensu,  have  been  found  implicated.  No  infection  has  been  derived 
from  recovered  animals,  and  none  has  resulted  from  the  application  of  the  progeny 
of  females  of  any  species  of  tick  off  sick  animals.  The  duration  of  the  fever 
period  averaged  twelve  and  a  half  days  in  the  cases  produced ;  so  there  appears 
an  abundance  of  time  for  larvte  and  nymphs  of  the  various  species  of  EurMpi' 
cephalus  to  become  infected. 

Colonel  Bruce  thanked  Mr.  LounRbury  and  Dr.  Ilutcheon  for  their  papers ; 
the  latter  had  laid  the  foundation  of  all  their  knowledge  of  South  Atrican 
stock  diseases,  and  Mr.  Lounsbury's  work  on  ticks  was  of  the  most  brilliant 
character.  The  value  of  such  work  could  not  be  over-estimated  by  those  io 
authority  or  by  the  ownere  of  stock,  for  horse-sickness  had  killed  78,000  horaes 
in  a  single  year. 

Sir  Walteb  Helt  IIuTOHiNsoir  also  expressed  his  thanks  to  Mr.  Hutcheon 
and  Mr.  Lounsbury  for  their  papers.  lie  believed  that  the  farmen  were  becoming 
alive  to  the  importance  of  ticks  as  carriera  of  disease ;  they  had,  however,  to  combat 
enormous  difficulties,  notably,  that  bucks,  hares,  &c.,  were  infested  by  this  tick,  as 
well  as  cattle,  and  therefore  it  was  almost  impossible  for  the  farmen  to  clean 
their  farms. 

Mr.  IloBERTsoN  said  that  osteoporosis  in  equines  was  iiret  recognised  in  1880 
by  Professor  Vamel.  It  made  its  appearance  at  Port  Elizabeth  among  raoe- 
horsee  ;  and  as  most  of  those  affected  were  progenies  of  the  same  sire,  it  was  sup- 
posed t43  be  due  to  hereditary  predisposition.  Serious  outbreaks  occurred  at 
Wynberg  amongst  the  Argentine  horses  during  the  recent  war,  and  also  at  Kim- 
berley,  Johannesburg,  and  elsewhere.  The  disease  was  spreading  so  fast  that  it 
bid  fair  to  become  one  of  the  scourges  of  South  Africa ;  nor  was  it  confined  to  any 
particular  breed  of  horse. 

The  disease  bad  been  compared  to  osteo-malada,  but  in  his  opinion  was  abso- 
lutely distinct  from  it.  It  was  in  no  way  due  to  insufficient  phosphates  in  the 
food,  and  was  in  his  belief  an  infectious  disease,  and  he  was  not  without  hope  of 
introducing  remedial  measures  by  inoculation. 
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FRIDAY,  AUGUST  18. 

The  following  Papers  were  read : — 

1.  So-called  Scurvy  of  South  Africa,     By  Dr.  A.  J.  Gregory. 

Dr.  Gregory  said  that  he  proposed  to  deal  with  the  disease  under  the  following 
heads  :  (1)  Its  incidence^  extent;  and  distribution ;  (2)  its  clinical  characters  and 
the  effect  of  treatment ;  (8)  the  influence  of  diet ;  (4)  seasonal  variation  ;  (5)  prob- 
able infectiveness.  Having  dealt  with  the  disease  from  these  standpoints,  he 
said :  To  summarise  I  may  recapitulate  my  conclusions  regarding  this  disease. 
They  are :  (1)  In  its  clinical  features  it  closely  resembles  mild  scurvy,  but  may 
result  in  a  considerable  mortality ;  (2)  it  occurs  in  communities  supplied  with  a 
sufficient  fresh  meat  and  vegetable  dietary,  and  it  does  not  necessarily  occur  in 
communities  living  on  a  dietary  almost  entirely  deficient  in  these  constituents ; 
(3)  the  employment  of  fresh  vegetables  and  vegetable  juices  does  not  afford  a 
specific  cure  for  the  disease.  Cases  maj  continue  for  long  periods,  although  under 
a  liberal  anti-scorbutic  diet ;  (4)  the  disease  is  characterised  by  a  very  high  per- 
centage of  recurrences ;  (5)  its  incidence  is  greatest  on  the  native  races ;  (6)  it 
occurs  in  the  form  of  outbreaks  and  epidemics ;  (7)  different  outbreaks  vary  in 
intensity  or  virulence  of  type,  indicated  oy  a  larger  proportion  of  attacks  and  a 
^ater  fatality ;  (8)  the  (usease  is  marked  by  a  distinct  seasonal  variation ;  (9)  it 
18  essentially  a  disease  of  aggregation  or  close  association ;  (10)  there  are  indi- 
cations that  the  disease  may  be  of  bacterial  origin  and  mildly  infectious  in  its 
nature ;  (11)  there  are  grounds  for  believing  that  a  disease  not  entirely  in  accord 
with  the  accepted  ideas  of  scurvy  occurs  in  other  parts  of  the  world  besides  South 
Africa.  With  this  I  must  leave  the  matter  for  further  investigation,  in  the  hope 
that  it  will  be  taken  up  by  other  and  more  able  investigators  than  myself. 
Whether  my  views  be  ri^ht  or  wrong,  I  still  think  that  the  facts  I  have  stated 
are  sufficient  to  warrant  further  inquiry  being  made  into  the  nature  of  scurvy— at 
any  rate  as  we  meet  with  it  in  this  part  of  the  globe. 


2.  Plague  in  Cape  Colony,    By  Dr.  J.  A.  Mitchell. 

Dr.  Mitchell  approached  the  subject  from  the  point  of  view  of  the  practical 
sanitarian.  He  detailed  the  history  of  the  introduction  of  the  disease  into  the 
Colony  in  1899  and  its  subsequent  spread.  Up  to  the  present  epidemics  of  the 
disease  have  occurred  at  Izeli  (King  William's  Town  district),  Cape  peninsula, 
Port  Elizabeth,  Mossel  Bay^  East  London,  King  William's  Town,  Queenstown, 
Kei  Hoad,  and  Kxiysna ;  whilst  plague  epizootics  amongst  rodents  have  occurred 
in  Graaff-Reinet,  Uitenhage,  Burghersdorp,  Seymour,  Thomas  River,  Lady  Grey 
Bridge,  and  Grahamstown.  Port  Elizabeth,  East  London,  King  William's  Town, 
and  Uitenhaffe  are  still  plague-infected.  There  have  been  1,306  cases,  with  665 
deaths,  equal  to  a  case  mortdity  rate  of  50' 8  per  cent.  All  the  Epidemics,  with 
the  exception  of  that  at  Izeli,  where  there  were  no  rodents,  were  associated  with 
epizootics  of  the  disease  amongst  rodents.  The  disease  has  been  observed  in 
veld  rats  {Arvicanthus  pumilii^,  cats,  and  in  one  dog.  After  tracing  the  con- 
nection between  infected  rodents  and  the  occurrence  of  cases  of  the  disease  in 
man,  and  the  mode  of  spread  from  infected  centres  to  other  centres  in  the  Colony, 
Dr.  Mitchell  said  that,  from  the  history  of  the  disease  in  the  Colony,  the  following 
conclusions  mi^ht  be  drawn:  (1)  That  rats  have,  directly  or  indirectly,  been  the 
means  of  introducing  the  disease  into  the  ports  of  the  Colony ;  (2)  that  rata  have, 
directly  or  indirectly,  been  the  means  of  spreading  the  infection  from  infected 
centres  in  the  Colony  to  other  centres ;  (3)  that  in  the  majority  of  cases  of  the 
di£ease  in  man  the  infection  has  been  more  or  less  clearly  traceable  to  infected 
rats ;  (4)  that  rats  have  been  the  chief  cause  of  the  persistence  of  the  disease 
in  the  infected  localities.  He  also  dwelt  on  the  great  danger  of  the  introduction 
of  plague  by  infected  rodents  into  countries  hitherto  free  from  the  disease,  and 
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clunrtt-riaed  as  a  tiuI  defect  the  omiaaon  in  the  latentttional  Health  Con- 
TtfDtioa  of  Paris,  190:i,  of  prorisioo  for  the  inter-State  nodfication  of  the  oocarraiee 
of  pUgoe  ain«>ng9t  rodenta,  except  when  associated  with  cases  of  the  diaeaae 
in  man« 


3.  Leprosy  in  South  Africa,     By  Dr.  S.  Black. 


JOHAXNESBURG. 

TUESDAY.  AUGUST  29. 

The  Preadent  deliTered  his  Addieas  (see  p.  533),  after  which  the  ibUowiog 
Papers  were  read : — 

1.  Rinderpest :  its  Prevefiiion  and  Cure.     By  Hon.  Gkobgb  TuRirsiL 

Rinderpest  first  appeared  south  of  the  Zamhesa  in  1896.  It  was  prohably 
transmitted  firom  the  Soudan.  In  England,  in  1865,  destruction  of  infected  herds 
alone  produced  any  good  effect.  The  disease  was  imported  into  Hull  in  May  1865, 
and  was  recognised  in  the  metropolia  in  the  following  July.  By  December  30 
9,753  farms  were  infected.  An  order  to  destroy  was  made  on  May  9,  1866,  and 
1^  the  following  November  the  disease  was  stamped  out.  Slaugbteiing  in  Cape 
Colony  was  recommended  by  Mr.  Hutcheon,  and  his  opinion  was  supported 
by  Professor  Flemming.  It  undoubtedly  was  productive  of  good,  inasmuch  as  it 
temnorarily  arrested  the  disease  and  afforded  time  for  Professor  Koch  to  introduce 
the  oile  method  of  immunisation  (February  1899). 

The  signs  and  symptoms  of  rinderpest  were  briefly  sketched. 

Dr.  Koch  and  others  failed  to  demonstrate  the  specific  organism.  The  claim 
of  Messrs.  M  Nencke,  N.  Sieber,  and  Wyznikiewies  to  have  done  so  was  dis- 
cusaed.  The  organism,  however,  must  be  of  sufficient  size  to  be  visible  under  the 
powers  usually  used  in  such  investigations,  and  is  probably  intracorpuscular.  The 
various  excretions,  also  the  hides  of  animals  dead  of  the  disease,  soon  lose  their 
infectivity. 

Professor  Koch's  bile  method  was  described,  and  its  utility  demonstrated,  its 
defects  and  limitations  being  discussed.  The  theory  that  bile  inoculation  can 
spread  the  disease  was  considered,  and  reasons  for  supposing  that  it  is  not  well 
founded  given. 

The  glycerinated  bile  method  was  described  and  condemned. 

The  method  used  to  produce  a  powerful  serum  capable  of  immunising  cattle  and 
curing  the  disease  in  the  early  stafe  was  detailed,  also  the  Kimberley  process, 
i,e,f  the  simultaneous  inoculation  of  virulent  blood  and  immunising  serum.  The 
results  obtained  may  be  summarised  as  foUows : — 

Amongst  infected  herds  there  were  3,318  animals :  1,077  were  known  to  be 
sick  of  the  disease.    Serum  was  used ;  2,857  recovered — a  saving  of  86*1  per  cent 

The  simultaneous  method  was  employed  on  10,407  animals.  The  resulting 
loss  was  136,  or  1*3  per  cent 

The  nature  of  the  substance  contained  in  the  serum  was  discussed.  In  vitro 
it  has  little  power.  In  corpore,  provided  that  the  serum  bears  a  certain  pro- 
portion to  the  body-weight,  the  amount  of  blood  injected  to  produce  the  necessary 
specific  fever  is  of  no  conseouence ;  2,000  c.c.  do  not  produce  a  greater  effect  than 
0'2  C.C.  of  virulent  blood.  The  method  of  inoculation  used  probably  resulted  in 
a  saving  of  986,518  animals.  Four  thousand  four  hundred  and  seventy- two  litres 
of  serum  were  issued  from  the  Kimberley  Rinderpest  Station,  sufficient  to  immune 
203,600  animals ;  the  serum  sold  readily  at  71.  10«.  per  litre. 
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2,  The  Advance  of  our  Knowledge  respecting  tlie  Stock  Diseases  of 
South  Africa,     By  Dr.  A.  Theileb. 

1.  Diseases  caused  bj  ultra  visible  micro-organisms  : — 

(a)  Horse-flickneas  and  malarial  catarrhal  fever  may  be  considered  tof^fether : 
both  occur  under  similar  telluric  and  climatic  conditionSy  but  the  former  is  more 
especially  prevalent  in  low-lying  parts,  while  the  latter  is  found  on  higher  levels 
where,  in  epizootic  years,  the  horse-sickness  may  also  appear.  Both  diseases 
occur  during  heavy  rains,  especially  during  the  latter  half  of  the  rainy  season. 
Animals  are  infected  during  the  night.  They  cease  as  soon  as  frost  comes.  Both 
are  inoculable  in  animals  of  the  same  species,  but  are  not  contagious.  The  two 
diseases,  horse-sickness  and  Blaauw  tongue  or  catarrhal  fever,  are  distinct.  The 
virus  is  easily  destroyed  by  desiccation,  but  is  not  affected  by  cold.  Both  are 
conveyed  from  animal  to  animal  by  nocturnal  insects.  Veterinary  Surgeon 
Spreuill,  of  the  Cape  Colonial  Service,  by  hyper-immunising  sheep  with  virulent 
blood  has  succeeded  in  producing  a  serum  efficacious  in  cases  of  Blaauw  tongue. 
The  author  has  succeeded  in  immunising  mules  against  horse-sickness  by  the 
simultaneous  subcutaneous  injection  of  serum  and  intravenous  injection  of  virus. 
The  resulting  death-rate  is  6  per  cent.    It  is  higher  in  horses. 

{b)  Heart-water  in  sheep  and  other  domestic  ruminants. — ^This  disease  is 
inoculable  from  sick  oxen  to  susceptible  oxen,  sheep,  and  goats.  The  organism  is 
attached  to  the  red  blood-corpuscles :  it  cannot  be  cultivated,  and  does  not  pass 
the  Berkefeld  filter.  Blood  loses  its  virulence  in  forty-eight  hours.  Heart-water 
is  not  contagious.  Mr.  Louasbury,  of  the  Cape  Service,  found  that  it  was  ]^ro- 
pagated  by  the  Ambfyomma  hebrmtm,  commonly  known  as  the  tortoise  tick. 
Certain  varieties  of  sheep  suffer  less  than  others ;  for  instance,  Persian  sheep  may 
sicken,  but  do  not  die.  The  tick  may  be  eradicated  by  repeated  dippings  over  a 
protracted  period,  but  at  present  this  is  not  practicable  in  theTransvaaL  Animals 
nyper-immunised  produce  a  powerful  serum. 

2.  Diseases  caused  by  protozoa : — 

(a)  Diseases  caused  by  Piroplasmata. 

(b)  Diseases  caused  by  Trypanosomes. 

(c)  Diseases  caused  by  Spirilla. 

(a)  There  are  two  varieties  of  Piroplasma:  of  one,  the  Piroplasma  bigefmi- 
num  of  Texas  fever  may  be  considered  as  the  type,  and  the  Piroplasma  parvum 
of  Ilbodesian  fever  as  the  type  of  the  second.  To  the  first  type  belong  the  Piro- 
plastna  eqta  and  the  Piroplasma  cams.  The  diseases  caused  by  these  parasites 
are  characterised  by  anemia,  jaundice,  ha^moglobinuria,  and  an  enlarged  spleen. 
All  three  are  inoculable  and  recovery  results  in  a  certain  amount  of  immunity. 
They  are  all  spread  by  ticks — Redwster  by  the  JRhipierpkaltis  decoloratus  and  the 
RhipicephcduB  annulatus  ;  equine  Piroplasmosis,  or  biliary  fever  of  horses,  is 
spread  by  the  red  tick,  JRhipicephalus  evertsi;  biliary  fever,  or  malignant  jaundice 
of  do^,  is  conveyed  through  the  dog  tick,  Rcemophytalis  leacht.  There  is  only 
one  disease  caused  by  organisms  of  the  second  type,  Pirosoma  parvum,  and  that 
is  Khodesian  fever.  It  is  not  conveyed  by  inoculating  a  susceptible  animal  with 
the  blood  of  one  suffering  from  the  disease.  It  is  communicated  by  two  ticks,  the 
JRhipicephaltis  appendiculatus  and  Hhiptcephalus  simus.  The  infection  does  not 
pass  through  the  egg,  and  an  infected  tick  having  once  bitten  cannot  again  cause 
the  disease.  The  blood  of  the  immunised  ox  does  not  contain  the  parasite  in  any 
shape  ;  consequently  after  a  farm  has  been  cleared  of  cattle  for  fourteen  months  it 
can  again  be  stocked  with  safety. 

(6)  Diseases  caused  by  IVypanosoma:  (i)  Nagana,  or  tsetse-fly  disease; 
(ii)  Specific  trypanosomasis  of  cattle. 

Nagana  only  exists  in  a  few  places  in  Zululand  and  Rhodesia.  Dogs  and 
horses  are  very  susceptible,  but  sheep  and  goats  have  a  prolonged  disease,  and  the 
ox  maj  survive  for  years.  The  disease  is  conveyed  by  the  fly  Olorsina  morsitans. 
Specific  trypanosomasis  of  cattle  occurs  all  over  South  Africa.    Infected  cattle 
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rarelj  die.     The  parasite  is  the  largest  knoini.     It  is  carried  bj  Hippobo^ca 
rufipes. 

(r)  Disease  caused  by  a  spirillom. — A  spiriUam  causing  ansemia  is  fonnd  in 
the  blood  of  oxen,  especially  in  poor  animals.  It  is  inocolable  firom  the  ox  to  the 
ox  and  to  sheep.  The  parasite  is  found  in  the  blood  of  immune  animals ;  it  is 
caused  by  the  blue  tick  passing  through  the  egg,  and  is  inocnlable  by  the  larva. 


3.  On  the  Nature  of  the  Silver  Beaction  in  Animal  and  Vegetable  Tissues. 
By  Professor  A.  B.  Macallum,  Ph,D, 

When  fresh  preparations  of  animal  and  vegetable  tissues  are  treated  with  a 
solution  of  nitrate  of  silver  containing  free  nitric  acid,  and  then  exposed  to  light, 
they  become  coloured,  the  colour  varying  from  reddish  to  violet.  The  author 
endeavoured  to  determine  to  what  the  reaction  is  due.  It  was  found  that  of 
the  organic  constituents  of  tissues  the  only  ones  to  form  compounds  of  silver 
which  reduced  under  the  influence  of  light  were  sulphocyanic  acid,  creatin,  and 
taurin.  As  creatin  is  present  only  in  vertebrate  muscle-fibre,  and  not  at  all  in  the 
tissues  of  invertebrates,  while  the  other  compounds  mentioned  occur  in  tissues 
only  in  infinitesimal,  and,  therefore,  in  negligible  quantities,  the  silver  reaction 
cannot  be  attributed  to  their  presence.  It  was  further  ascertained  that  neither 
phosphates,  carbonates,  nor  sulphates  give  coloured  silver  compounds  in  the 
presence  of  free  nitric  acid.  There  remained,  among  organic  compounds  in  tissues, 
only  the  proteids,  and  as  these  are  generally  held  to  form,  with  silver  salts,  com- 
pounds '  reducible '  under  the  action  of  light,  it  was  necessary  to  determine 
whether  the  coloured  compounds  so  formed  are  '  albuminates '  or  simply  sub- 
choride  of  silver.  For  this  purpose  proteids  were  freed  from  chlorides  by  repeated 
precipitation  with  pure  ammonium  sulphate,  and  it  was  found  that  egg  and  serum, 
albumins  and  globulins,  as  well  as  gelatins,  after  the  eighth  precipitation,  give  no 
reaction  whatever  with  nitrate  of  silver  under  the  influence  of  light,  and  that 
the  compounds  eliminated  by  the  precipitation,  and  to  which  the  silver  reaction 
is  due,  are  chlorides.  Nucleoproteids  also  were  found  to  be  reactionleas.  In  the 
case  of  vegetable  proteids  the  method  employed  was  different,  but  the  result  was 
the  same.  Silver  nitrate  in  the  presence  of  nitric  acid  may,  conseqnentlv,  be  used 
as  a  micro-chemical  reagent  for  aetermining  the  presence  of  chlorides  in  animal 
and  vegetable  tissues,  and  its  use  for  this  purpose  has  already  given  some  veiy 
important  results.  This  reaction,  together  with  that  used  by  the  author  to 
demonstrate  the  occurrence  of  potassium,  renders  it  possible  to  determine  not  only 
the  presence  or  absence  of  haloes,  but  also,  not  infrequently,  of  sodium. 


4.  On  the  Distribution  of  Chlorides  in  Anirrud  and  Vegetable  Cells, 
By  Professor  A.  B.  Macallum,  Ph.D. 

The  employment  of  solutions  of  nitrate  of  silver  containing  free  nitric  acid  on 
fre&h  tissues,  animal  or  vegetable,  followed  by  exposure  of  the  preparations  to 
sunlight,  constitutes  a  valuable  method  for  determming  the  distribution  of 
chlorides  in  animal  and  vegetable  cells,  and  it  has  been  used  by  the  author  for  this 
purpose.    Among  the  results  which  have  been  thus  obtained  are  the  following : — 

1.  The  cell  nucleus  is,  when  normal,  absolutely  free  from  chlorides. 

2.  Chlorides  are  absent  from  the  head  of  the  spermatozoon  (frog,  rat,  and 
guinea-pig). 

3.  The  cytoplasm  of  nerve  cells  gives  an  almost  uniform  reaction  for  chlorides. 

4.  Inert  protoplasmic  structures,  as  well  as  intercellular  material,  eg.^  the 
so-called  cement  substance  of  Von  Recklinghausen,  are  rich  in  chlorides. 

5.  Chlorides  are  abundant  in  the  parietal  cells  of  the  gastric  glands,  less  abun- 
dant in  the  chief  cells  (guinea-pig),  and  they  are  more  abundant  in  the  granular 
than  in  the  protoplasmic  zone  of  the  pancreatic  cells  (guinea-pig). 
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6.  Chlorides  are  absent  from  chlorophTll  corpuBcles  {Tulipa  and  Jm),  and  from 
the  chromatophore  of  ^irogyra  and  Zygnema, 

7.  In  Spirogyra  and  Zygnema  the  chlorides  are  confined  almost  wholly  to  the 
peripheral  protoplasmic  membrane,  or  layer,  lining  the  cell-wall.  Very  frequently 
a  like  distribution  is  found  in  the  chlorophyll-holding  cells  of  the  higher  forms 
(7m,  Tulipa). 

6.  Some  Points  in  the  Micro-chemistry  oftlie  Nerve  Fibre. 
By  Professor  A.  B.  Magallum,  Ph,D.y  and  Miss  M.  L.  Menten,  B,A. 

The  silver  reaction  of  tissues  in  the  presence  of  free  nitric  acid  having  been 
shown  by  the  senior  author  to  be  due  to  the  formation  of  chloride  of  silver  and 
the  reduction  of  this  in  sunlight  to  the  dark  subchloride,  it  was  used  to  determine 
the  occurrence  and  mode  of  distribution  of  chlorides  in  the  nerve  fibree.  The  use 
of  nitrate  of  silver,  as  is  well  known,  serves  to  show  the  occurrence  of  the  nodes 
on  the  fibre,  and  the  reaction  obtained  extends  some  distance  on  either  side  of  the 
node,  usually  in  the  shane  of  rinses,  known  as  those  of  Frommann.  This  reaction 
the  authors  now  find  is  aue  to  chlorides,  which  seem  to  diffuse  towards  the  nodes 
to  meet  the  reagent  diffusing  into  the  fibre.  The  result  is  a  series  of  deposits  in 
the  8ha]^e  of  bands  or  zones;  but  this  disposition  of  the  precipitate  is  wholly  due 
to  ph^rsical  causes,  as  it  may  be  obtained  also  in  capillarv  tubes  filled  with  esg 
albumin  or  gelatin  and  placed  in  a  solution  of  nitrate  of  silver.  In  other  words, 
the  deposits  of  the  subchloride  of  silver  are  in  bands  or  zones,  while  in  the  intact 
fibre  the  chlorides  are  uniformly  distributed  throughout  the  length  of  the 
axon.  Where  tiie  reagent  gets  a  free  entrance  to  the  axon,  as  may  obtain  in 
specially  made  preparations  of  the  spinal  cord,  the  reaction  may  be  quite  uniform 
along  the  axon  ana  without  an  interruption.  That  the  reaction  is  due  to  chloride 
may  also  be  shown  by  using  mercurous  nitrate,  which  gives  a  precipitate  of 
mercurous  chloride,  and  this,  after  removal  of  the  precipitant,  may  be  revealed  by 
the  addition  of  ammonium  sulphide  The  result  of  the  employment  of  this  re- 
agent is  to  show  exactly  the  same  distribution  as  revealed  with  nitrate  of  silver. 

The  conductivity  of  the  axon  for  nerve  impulses  is  undoubtedly  dependent  on 
the  presence  of  chloride  of  sodium,  not  free  between  the  molecular  aggregates  of 
the  colloid,  but  enclosed  in  them,  the  superficial  layer  of  each  of  which,  acting  as 
a  semi-permeable  membrane,  diminishes  the  velocity  of  the  charge-bearing  ions. 


WEDNESDAY,  AUGUST  30. 
The  following  Papers  were  read  :— 

1 .  Tlie  Life-history  of  the  Coloured  Labourer  in  tlie  Transvaal.  By  Louis 
G.  Irvine,  M,A,,  M,D.y  B.Sc.^  and  Donald  Macaulay,  M.A,^  M3.y 
CM. 

This  paper  dealt  with  only  one  aspect  of  the  larger  native-labour  question, 
namely,  tne  description  of  the  conditions  under  which  the  native  labourer  lives  and 
works,  and  was  meant  to  form  an  introduction  to  the  actual  inspection  of  these 
conditions  by  the  members  of  the  Association  at  their  visit  to  a  'compound'  hos- 
pital. 

Tlie  author  therefore  described  where  the  native  labourer  comes  firom,  how  he 
gets  to  the  Hand,  what  his  work  consists  in,  how  he  is  treated,  and  how  he  fares. 

The  following  were  the  main  points  discussed : — 

1.  Sources  of  the  native-labour  supply.  Contributions  of  the  various  territorial 
areas. 

2.  Methods  of  recruiting  by  the  Native  Labour  Association.  Regulation  of 
recruiting. 
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3.  IIow  the  native  is  brought  to  the  Rand.  The  detention  compound  at 
Johannesburg. 

4.  Work  and  life  on  the  mines.  Classes  of  work  in  which  the  native  is 
engaged.  Housing.  Food.  Sanitation.  Hospital  accommodation.  General 
conditions  of  living.  Average  stay  on  the  mines.  General  character  of  the 
natives.    General  treatment. 

5.  Sickness  and  mortality.  Excessive  mortality  in  the  past.  Means  taken  to 
combat  it.  What  the  mines  have  done.  Improvement  effected.  The  still 
relatively  high  mortality.  Main  diseases  contiibuting  to  it.  Importance  of  the 
territorial  faclor,  climate  and  racial.  Importance  of  the  factor  of  occupation. 
Other  factors.    The  problem  of  acclimatisation. 


2.  Diseases  among  Natives,     By  Dr.  G.  Libngme. 

The  data  are  for  the  most  part  collected  from  the  hospital  of  the  Swiss  Medical 
Mission,  Spelonten,  N.  Transvaal. 

Of  native  children  30  per  cent,  die  before  they  reach  the  age  of  two  years. 
Diseases  of  nervous  system  occur  as  follows : — 

1.  Hysteria  is  exceedingly  common,  often  succeeded  by  a  hypnotic  condition. 
The  author  has  operated  for  a  tumour  on  a  patient  in  a  hypnotic  condition. 

2.  Epilepsy  is  common,  and  occurs  at  a  more  advanced  age  than  is  usual  among 
whites. 

Diseases  of  the  organs  of  respiration : — 

1.  Pneumonia  and  bronchio-pneumonia.  At  certain  seasons  this  is  very  preva- 
lent, and  great  infant  mortality  arises  in  consequence.      Malaria  predisposes  to  it. 

2.  Pleurisy  and  asthma  are  infrequent. 

3.  Pulmonary  tuberculosis  was  unknown  a  few  years  ago ;  now  it  is  common. 
It  runs  a  more  rapid  course  than  among  whites.  The  bacillus  is  frequently  im- 
ported by  young  men  from  the  mines. 

4.  Diseases  of  the  heart  are  infrequent. 

5.  Diseases  of  the  kidnev  are  infrequent. 

6.  HsBmaturia  due  to  bilharzia  is  common. 

7.  Diseases  of  digestion  are  uncommon  except  in  young  children. 

8.  Conjunctivitis,  often  leading  to  blindness,  is  very  common. 

9.  Leprosy  in  a  mild  form  is  very  common.  The  first  stages  usually  pass 
unnoticed.  The  native  usually  carefully  hides  the  disease,  fearing  transportation 
to  a  leper  asylum. 

10.  Cases  of  difficult  labour  are  more  frequent  than  might  be  supposed. 

11.  Malaria  is  the  cause  of  much  suffering. 

12.  Syphilis  first  appeared  thirty  or  forty  years  ago :  it  came  from  the  mining 
centres.  Now  80  per  cent,  of  the  whole  native  population  of  Zoutpansberg  are 
infected.  It  can  be  treated  successfully  with  mercury,  which,  however,  must  be 
given  in  smaller  doses  than  to  whites. 


3.  Drugs  as  used  in  South  Africa.     By  Dr.  Mabeblet. 


4.  The  Action  of  Radium  on  tJie  Electric  Phenomena  ofilie  Retina, 
By  Professor  J.  G.  McKendrick,  F.R.S. 
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FRIDAY,  SEPTEMBER  1. 
The  following  Papers  and  Reporta  were  read  : — 

1 .  The  Administration  of  Chloroform, 
By  Augustus  D.  Waller,  M,D,,  LL^D.y  F.R,S. 

The  author  said :  The  suhject  on  which  I  would  like  to  invite  your  consideration 
and  criticism  to-day  concerns  the  value  of  acquiring  a  physiological  and  arith- 
metical conception  a|^d  understanding  of  the  conditions  of  safe  anaesthesia. 

Picture  the  lungs  with  a  surface  of  100  square  metres,  a  blood  surface  of 
75  square  metres  containing  a  total  volume  of  air  of  5  litres,  and  a  tidal  air  at 
each  inspiration  of  half  a  litre,  or  500  c.c. 

Successful  chloroform  anaesthesia  requires  the  regular  respiration  of  air  in 
which  chloroform  is  maintained  between  the  limits  of  1  and  2  per  100.  In  my 
experiments  in  the  laboratory  on  isolated  frog's  nerve  5  per  cent,  vapour  is  found 
to  be  the  outside  limit  of  safety,  and  is  fatal  if  persisted  in  ;  and  it  so  happens  that 
Snow  fifty  years  ago  named  5  per  cent,  as  the  limit  beyond  which  one  dared  not 
go  in  anaesthesia  of  the  human  subject.  Snow,  in  1850-55,  and  Paul  i^ert,  in 
1880-83,  did  their  best  to  place  the  administration  of  chloroform  upon  a  rational 
basis.  But,  partly  by  reason  of  the  difficulty  of  getting  out  chloroform  percentages 
and  partly  by  reason  of  the  facility  with  which  chlorofoim  can  be  administered 
without  any  reference  to  percentages  at  all,  the  teaching  of  Snow  and  Bert  did  not 
produce  its  full  effect  upon  clinical  practice,  and  fatal  accidents  continued  to  take 
place — fatal  accidents  that  could  not  have  taken  place  if  the  principles  of  Snow 
and  Bert  had  been  properly  appreciated. 

I  regard  as  a  substantial  contribution  towards  safe  anaesthesia,  not  the  publi- 
cation of  fragmentary  '  statistics/  nor  the  advertisement  of '  safe '  instruments,  but 
the  acquisition  of  a  simple  method  by  T\'hich  we  can  rapidly  ascertain  the  per- 
centage of  chloroform  ofi'ered  to  inspiration  by  any  means.  And  of  the  study  in 
which  I  have  been  engaged  during  the  last  ten  years  I  should  attach  greatest 
importance  to  the  realisation  of  the  simple  fact  that  a  quarter  litre  of  air  and 
chloroform  weighing  one  to  two  centigrammes  more  than  a  quarter  litre  of  air 
alone  contains  1  or  2  per  cent,  of  chloroform  vapour,  since  by  this  means  we 
can  easily  test  tiio  percentage  in  any  method  of  administration.  This  method  of 
densimetry  was  introduced  by  myself  and  Dr.  Geets  in  1902.  The  principle  upon 
which  the  method  is  haaed  is  as  foUows: — 

1,000  c.c.  of  CHCl,  vapour       weighs  5,325  rag. 

„        „         atmospheric  air       „      1,293  mg. 

Difference         =»      4,032  mg. 

t.tf.,  1,000  c.c.  CHOI3  replacing  1,000  c.c.  air  gives  an  increment  of  weight  of 
4,032  mg.  1  c.c.  CHCI3  vapour  replacing  1  c.c.  air  gives  an  increnaent  of  weight 
of  4  mg.,  or,  that  is,  2'5  c.c.  ofCHCl,  vapour;  2*5  c*c.  of  air  gives  an  increment  of 
weight  of  10  mg.,  so  that  with  a  250  c.c.  bulb  each  25  c.c.  of  OflOlj  vapour, 
tliat  is,  each  1  per  cent.,  is  represented  by  an  increment  of  weight  of  10  mg. 

Corrections  for  temperature  and  pressure  and  volume  may  oe  made,  if  thought 
desirable,  from  the  formula  log  P  =  I  8377  +  log  M  -log  N  +  log  T  -  log  B,  where 
P  is  percentage,  M  increment  of  weight  in  milligrammes,  Y  capacity  of  densimeter 
in  cuoic  centimetres,  T  absolute  temperature,  B  barometric  pressure  and  1  8377. 

At  Johannesburg  B  is  600  mm. 

Two  glass  densimeter  bulbs  are  weighed  against  e^h  other  and  the  weights 
adjusted  to  balance  them :  one  of  them  is  then  filled  with  the  vapour  to  be  estimated 
and  weighed  again,  and  the  difference  in  weight  indicates  the  percentage.  The 
bulb  is  inserted  in  the  delivery  or  aspirating  tube  and  protected  by  indiarubber 
bags,  so  that  it  can  be  stoppered  and  unstoppered  without  entrance  of  atmospheric 
air.  The  vapour  supplied  from  a  skinner  s  mask  has  been  tested  in  this  way, 
drawn  by  aspiration  from  beneath  the  mask. 

In  practice,  as  recommended  by  the  Scotch  school  of  anaesthetists,  '  plenty  of 
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chloroform  with  plenty  of  air, '  the  percentage  is  found  to  bo  from  1  to  2  per  cent., 
and  the  large  amount  of  chloroform  used  and  the  free  admixture  with  air  produces 
a  more  nearly  uniform  supply  to  the  patient's  lunffs  than  when  small  quantities 
and  a  closer  method,  with  its  alterations  of ' off'  and  ' on,  *  are  resorted  to;  and  by 
means  of  densimeter  determinations  have  shown  that  the  ordinary  percentage  of 
mixture  supplied  by  this  rough  method  lies  between  the  desired  umits  of  1  and 
2  per  cent.  The  great  danger  of  this  method  is  that,  should  the  fabric  be  crammed 
down  over  the  patient's  face,  the  percentage  may  rise  to  five  times  or  more  the 
upper  limit  of  safety. 

Of  the  different  types  of  apparatus  obtainable  preference  should  certainly  be 
given  to  those  worked  on  the  principle  of  supplying  the  ansssthetic  mixture  freely 
by  propulsion  to  an  open  and  loosely  fitting  face-piece  rather  than  to  those  which 
are  set  in  action  by  the  inspiratory  movements  of  the  patient  himself,  because  of 
the  fact  that  if  the  respiration  become  weaker  the  vapour  in  the  apparatus  not 
being  drawn  over  quickly  enough  becomes  more  strongly  saturated,  and  a  dangerous 
percentage  may  be  suddenly  reached. 

Given  the  requisite  care  and  skill  and  knowledge  on  the  part  of  the  admini- 
strator, anaesthesia  may  be  properly  carried  out  by  any  method.  A  folded  towel 
drenched  with  chloroform  can  be  safely  used  by  an  aniesthetist  who  is  fully  alive  to 
the  extreme  danger  of  two  or  three  deep  inspirations  of  a  concentrated  mixture, 
and  who  watchfully  secures  a  free  supply  of  air.  On  the  other  hand,  a  person 
unmindful  of  the  physiological  elements  of  chloroformisation  is  a  dangerous  ad- 
ministrator, however  faithfully  he  may  set  the  taps  or  turn  the  handle  of  the 
apparatus  he  may  have  thought  fit  to  purchase. 


2.  The  Application   of  Food  within  tlie  System  viewed  by  tJie  Light  of 
Modern  Research.     By  F.  W.  Pavy,  M,D,,  LL.D,,  FM.S, 

The  most  superficial  observation  suffices  to  show  that  the  growth  and  main- 
tenance of  the  body  are  dependent  upon  an  adequate  supply  of  food.  Life  is 
attended  with,  and  may  be  said  to  result  from,  chemical  changes,  and  a  supply  of 
material  is  required  as  a  medium  upon  which  the  change  can  be  brought  into  play. 
Building-up  and  breaking-down  processes  are  constantly  in  operation,  and  to  meet 
the  demand  arising  therefrom  there  must  be  a  supply  of  food. 

It  may  be  taiken  as  an  axiom  that  it  is  within  the  tissue  molecules  that  the 
utilisation  of  food  occurs.  The  food  must  reach  these  molecules  and  become  incor- 
porated as  constituent  parts  of  them  before  it  can  be  turned  to  account.  The 
manner  in  which  it  does  so  is  the  point  to  be  considered  in  this  communication. 

The  doctrine  hitherto  entertained  has  been  that  the  products  of  food  digestion 
enter  the  blood  and  by  its  agency  become  conveyed  to  the  tissues  which  taLe  and 
subject  them  to  direct  application.  To  this  doctrine  exception  will  be  taken.  Bj 
modem  reseai^h  a  new  light  has  been  thrown  upon  the  chemistry  of  life,  and 
viewed  by  this  light  a  new  aspect  is  given  to  the  line  of  procedure  connected  with 
the  application  of  food. 

Digestion,  which  constitutes  the  first  step  in  the  preparation  of  food  for  service 
in  the  system,  must  now  be  looked  upon  as  consulting  of  something  more  than 
bringing  to  a  state  that  absorption  by  osmosis  may  occur.  It  is  necessary,  it  is 
true,  that  the  food  should  be  liquefied  and  broken  down  into  small  molecules,  so  as 
to  be  rendered  diffusible  and  fit  for  penetrating  the  membranous  layer  of  the  alimen- 
tary canal.  It  is,  however,  also  necessary  that  a  certain  configuration  should  be 
given  to  the  molecules  to  adapt  them  for  being  taken  on  by  the  cell  protoplasm 
which  is  instrumental  in  absorbing  and  assimilating  them.  Molecules  devoid  of 
adaptability  for  being  linked  on  to  the  living  protoplasmic  molecules  would  simply 
pass  as  inert  matter  through  the  body.  For  instance,  cane  sugar  and  milk  sugar 
are  not  susceptible  of  being  touched  by  protoplasm.  In  a  dissolved  state  they  are 
diffusible,  and  thus  can  readily  psss  througn  an  animal  membrane ;  but  without 
transformation  as  a  preparatory  step  to  absorption  they  would  fail  to  be  assimi- 
lated, or,  in  other  words,  fail  to  be  taken  on  by  the  living  protoplasm  with  which 
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they  are  brought  into  relation,  and  would  thus  escape  contributing  any  service  to 
the  economy. 

It  is  by  enzyme  action  that  the  re<]ui8ite  adaptability  is  given  for  molecular 
combination^  and  Nature  provides  the  suitable  enzymes  for  giving  to  the  food  mole- 
cules the  needed  configuration  for  entering  into  the  combination  which  is  implied 
by  the  term  *  assimilation/  The  yeast  cell  constitutes  a  representative  of  livinjs^ 
protoplasm ;  and,  as  with  the  protoplasm  of  the  animal  being,  possesses  no  apti- 
tude tor  taking  on  cane-sugar  molecules.  By  the  agency,  however,  of  invertaae 
which  the  yeast  cell  produces  the  cane  sugar  is  transformed  into  dextrose  and 
Iffivulose,  and  these  are  bodies  possessing  a  molecular  constitution  suitable  for  the 
occurrence  of  combination  with  protoplasm. 

Thus,  by  enzyme  action  provision  is  made  for  the  food  molecules  to  be  placed 
in  a  position  to  become  incorporated  into  the  living  protoplasm  that  is  located  at 
the  seat  of  absorption.  Now,  this  living  protoplasm  consists  of  the  lymphocytes 
which  are  observable  in  an  actively  growing  state  within  the  villi  whilst  digestion 
is  going  on.  The  active  growth  of  these  lymphocytes  in  connection  with  the  diges- 
tion period  is  now  recognised  as  an  established  occurrence,  and  their  flow  into  the 
blood  has  given  rise  to  the  expression  *  digestion  lymphocytosis '  by  which  the 
condition  is  now  commonly  known. 

Digestion,  then,  prepares  not  only  for  absorption,  but  likewise  for  assimilation. 
At  the  moment  of  absorption  the  products  of  digestion  become  taken  hold  of  by 
the  lymphocyte  proto])lasm  and  built  up  into  an  extension  of  it.  Peptone  and 
carbohydrate  alike  go  into  lymphocyte  growth,  and  as  the  lymphocytes  are  formed 
they  travel  through  the  lacteal  system — the  channel  constructed  by  Nature  for  the 
purpose — into  the  circulatory  system,  carrying  with  them  the  nitrogenous  and  car- 
Dohydrate  constituents  of  the  food.  Looked  at  in  this  way  absorbed  food  reaches 
the  blood  through  lymphocyte  agency,  and  the  accession  of  lymphocytes,  occur- 
ring in  association  witn  digestion  lymphocytosis,  appears  from  the  results  of  the 
blood-counting  observations  that  have  been  conducted  to  be  sufficient  to  adequately 
fit  ill  with  the  circumstances. 

After  increasing  in  number  for  a  period  of  about  five  hours  subsequent  to  the 
ingestion  of  food,  the  lymphocytes  then  diminish  and  fall  to  their  minimum,  pre- 

Saratory  to  the  next  intake  of  food.  Taking  place  in  the  systematic  manner  it 
oes,  it  may  be  reasonably  assumed  that  the  fall  is  due  to  a  process  of  autolysis 
comparable  to  the  autolysis  occurring  elsewhere.  Autolysis  is  the  result  of  a 
definite  principle  of  action,  and  lysins  of  difi'erent  kinds,  standing  in  the  position  of 
enzymes,  are  produced  to  bring  about  the  required  effect. 

By  lymphocyte  autolysis  the  conditions  are  supplied  for  the  production  of  the 
complex  proteids  of  the  blood.  Fibrinogen,  globulin,  and  albumin  must  obviously 
have  a  source  in  living  protoplasmic  matter.  They  cannot  possibly  be  conceived 
to  take  origin  otherwise  than  through  the  medium  of  protoplasmic  growth.  But 
little  attention  has  been  given  to  this  point,  and  the  proteids  of  the  blood  seem 
almost  to  be  dealt  with  as  though  they  were  devoid  of  any  definite  source. 

A  certain  amount  of  experimental  evidence  has  during  the  last  few  years 
been  brought  forward  pointing  to  the  lymphocytes  constituting  the  source  of  the 
proteids  of  the  blood ;  and  reasoning  upon  analogy  drawn  from  collateral  considera- 
tions there  are  strong  grounds  for  entertaining  the  belief  that  they  do  so.  The 
gland  cells,  like  the  lymphocytes,  consist  of  living  protoplasmic  matter.  They 
draw  their  element  of  growth  from  the  nutrient  constituents  of  the  blood  as  the 
lymphocytes  draw  theirs  from  the  constituents  of  the  food.  Having  performed  this 
office,  and  brought  into  play  the  special  attributes  belonging  to  them,  they  yield  up 
by  autolysis  their  formed  material  to  the  secretion  which  flows  away.  Growth  in 
the  first  place,  in  accord  with  the  specialised  attributes  existing,  and  autolysis  in 
the  next  are  cardinal  phenomena  associated  with  the  manifestations  of  certain 
forms  of  cell  life. 

The  lymphocytes  when  they  reach  the  blood  fall  in  the  comprehensive  class  of 
leucocytes.  All  possess  the  attributes  of  living  protoplasm.  They  may  be  looked 
upon,  I  consider,  as  constituting  the  living  element  of  the  blood  by  which  the 
standard  composition  of  its  pl^ma  is  maintained.     To  leucocytes  the  office  of 
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phagocytes  has  been  assigned.  Is  this  not  a  small  and  merely  incidental  portion 
of  the  duty  they  perform  ?  As  protoplasmic  bodies  they  can  take  anything  that 
may  happen  to  reach  the  blood  of  a  nature  to  be  adapted  for  being  linked  on  to 
their  molecules.  In  this  way  they  become  the  assimilative  agents  of  the  blood 
and  doubtless  nutrient  molecules  that  miy  have  escaped  being  dealt  with  else- 
where are  here  built  into  protoplasmic  matter. 

The  view  that  has  been  put  forward  assigns  to  the  proteids  of  the  blood  the 
position  of  affording  nutrient  matter  to  the  tissues  instead  of  its  being  given  by  the 
transmission  of  the  products  of  digestion,  which,  in  passing  through  the  blood- 
stream, would  render  the  blood  a  chance  agglomeration  of  small  molecules  that 
would  suffer  loss  from  filtration  in  passing  through  the  kidney.  That  the  proteids 
of  the  blood  should  stand  in  the  position  assigned  to  them  is  only  in  harmony  with 
the  position  that  proteid  demonstrably  holds  in  the  case  of  the  developing  chick  in 
the  incubating  egg.  Here  the  only  material  at  hand  for  the  tissues  to  be  formed 
from  is  the  proteid  matter  within  the  egg. 

From  the  sketch  that  has  been  given  of  the  order  of  events  occurring  in  con- 
nection with  the  transit  of  food  from  its  seat  of  absorption  to  its  seat  of  utilisation 
the  arrangement  summarily  expressed  stands  thus:  Food  into  lymphocytes, 
lymphocytes  into  proteids  of  blood,  and  proteids  of  blood  into  tissue. 

The  side-chain  theory  is  looked  to  as  affording  an  explanation  of  the  mode  of 
action  in  operation  in  connection  with  the  changes  that  occur.  Under  this  theory 
the  basis  oi  the  protoplasmic  molecule  consists  of  a  nucleus,  and  to  this  nucleus, 
side-chains,  or,  as  they  are  called  in  immunity  phraseology,  receptors,  are  attached. 
Molecules  may  be  linked  on  to  a  side-chain  and  rearrangements  occur  without  the 
nucleus  being  disturbed.  For  linking  on  there  must  be  a  mutual  adaptability  as 
regards  molecular  configuration.  If  molecules  are  not  fitted  bv  confirmation  to 
jom  no  union  can  occur.  If  they  are  fitted  by  the  exercise  of  affinity  they  are 
drawn  together,  and  it  is  through  what  is  termed  the  haptophore  group  of  each 
molecule  that  junction  is  effected.  A  molecule  having  been  linked  on  to  aside- 
chain  it  may  throufifh  the  influence  of  the  other  groupings  of  the  chain  be  acted 
upon  and  proceed  by  steps  of  degradation,  regulated  by  the  particular  forces  in 
operation,  to  utilisation  with  the  development  of  energy.  It  is  also  recognised  in 
the  case  of  foodstuff  molecules  that  they  may  be  linked  on  to  blood  protoplasm 
and  subsequently  detached  by  tissue  substance,  needing  nutrient  material  for 
growth  and  renovation.  In  this  way  a  transport  service  is  performed  analogous 
to  that  by  which  oxygen  is  conveyed  by  htemoglobln  from  the  lungs  to  the  tissues. 
As  with  oxygen,  the  tissue  taking  on  of  nutrient  matter  will  depend  upon  the  need 
existing.  In  a  state  of  tissue-repletion  there  will  be  no  demand  for  nutrient 
matter  and  no  taking-on  capacity  existing;  but  with  the  side-chain  material  worked 
off  fresh  is  needed  to  take  its  place,  and  now  it  may  be  considered  that  a  tissue- 
receptor  affinity  exists  superior  to  that  which  holds  the  nutrient  molecule  in  the 
transport  substance,  and  a  change  of  position  is  brought  about  exactly  as  occurs 
with  the  oxygen  process  that  has  been  alluded  to  in  connection  with  the  matter. 

There  is  a  point  connected  with  the  application  of  food  to  which  I  have  not 
yet  referred.  Passage  into  temporary  storage  material  is  what  I  allude  to,  and  fat 
and  glycogen  are  the  two  principles  concerned  in  this  process. 

Storage  fat  may  be  derived  trom  fat-supply  with  the  food.  The  procedure  is  a 
simple  one.  The  rat  is  prepared  by  enzyme  action  for  absorption  and  is  taken  up 
by  the  epithelial  cells  of  the  villi.  From  these  it  can  be  traced  to  the  centre  of  the 
villus,  and  then  into  the  lacteal  vessels,  by  which  it  is  conducted  to  the  blood. 
Reaching  the  blood,  that  which  is  not  at  once  utilised  is  drawn  into  cells  specially 
designed  for  taking  and  storing  it. 

Fat  is  also  derived  from  another  kind  of  food-supply.  In  former  times  there 
was  much  dispute  upon  the  question  of  whether  fat  could  be  derived  from  carbo- 
hydrate. The  point,  however,  is  now  regarded  as  fully  settled,  and  it  is  recognised 
that  fat  is  readily  and  extensively  formed  from  carbohydrate  within  the  animal 
system.  In  the  fattening  of  animals  the  process  is  earned  out  as  a  branch  of 
industry  upon  a  lar^e  scale.  In  my  *  Physiology  of  the  Carbohydrates,  published 
in  1894, 1  entered  into  the  question  of  the  seat  of  the  occurrence  of  the  trans- 
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formation^  and  showed  that  the  epithelial  cells  of  the  villi  and  the  liver  cells  are  the 
structures  concerned  in  thus  dealing  with  the  carbohydrate  of  the  food-supply. 
By  virtue  of  the  metabolic  power  located  in  the  cells  carbohydrate  becomes  con- 
verted into  fat,  which  shows  itself  as  a  visible  accumulation  in  them.  Thus,  as 
regards  the  villi^  the  lymphocytes  build  carbohydrate  in  conjunction  with  peptone 
into  proteid;  and  appear  to  have  nothing  to  do  with  the  construction  of  fat,  whilst 
the  epithelial  cells  are  the  agents  concerned;  not  only  in  absorbing  ready-formed  fat, 
but  also  in  forming  iat  from  carbohydrate. 

Glycogen  is  another  storage  material.  It  may  be  regarded  as  holding  an 
analogous  position  to  fat,  and  to  be  produced  by  cleavage  from  proteid  of  super- 
fluous carbohydrate.  It  is  more  largely  met  with  in  the  liver  than  elsewhere. 
Doubtless  this  arises  from  the  liver  receiving  the  food-supply  carbohydrate  which 
has  escaped  transformation  into  fat  and  assimilation  into  proteid  in  the  villi. 
Examination  of  the  portal  blood  shows  that  sugar  passes  into  it  whco  carbohydrate 
is  largely  present  in  the  food,  and  it  is  well  linown  that  the  liver  glycogen  is 
related  in  amount  to  the  carbohydrate  food-supply.  As  starch,  cellulose,  &c.,  are 
cleaved  ofi'  and  deposited  in  vegetable  structures,  so  is  glycogen  cleaved  off,  when 
carbohydrate  is  redundant,  in  connection  with  animal  structures.  It  is  simply 
carbohydrate  in  excess  of  immediate  requirement,  and  it  is  to  be  found  in  a 
multitude  of  situations,  particularly  where.  thei*e  is  reduced  activity.  Yeast  cells 
contain  glycogen ;  and  it  has  been  noticed  that  when  growing  in  a  1  per  cent, 
solution  of  glucose  there  is  only  a  small  amount  present,  whilst  when  growing  in 
a  20  per  cent,  solution  there  is  much. 

It  is  kaown  that  under  forced  severe  exercise  glycogen  disappears,  not  only 
from  the  muscles,  but  from  the  liver  and  its  other  seats  of  deposit.  For  transit 
from  the  liver  to  the  muscles,  where  the  consumption  occurs,  the  circulatory  system 
must  be  traversed,  but  no  evidence  is  displayed  by  the  urine  of  the  passage  of 
sugar.  The  view  now  entertained  with  regard  to  the  linking  on  of  molecules  may 
be  here  brought  to  bear  in  the  way  it  is  applied  to  foodstuff  molecules.  Sugar 
from  glycogen  may  be  conveyed  in  combination  in  the  manner  that  sugar  from 
food,  it  may  be  taken,  is  done. 

3.  Pathological  and  Therapeutical  Aspects  of  Advenative, 
By  Professor  W.  D.  Halliburton,  F.B.S. 


4.  A  Note  on  Specific  Sera,     By  Dr.  M.  A.  Ruffer. 


6.  Report  oih  the  State  of  Solution  of  Froteids, — See  p.  222. 


6.  Report  on  the  Metabolism  of  the  Tissues. — See  p.  223. 


7.  Interim  Report  on  tlie  Ductless  Glaiids. 
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Section  K.— BOTANY. 
Pbesidbnt  op  the  Section — Habold  Wager,  F.R.S.,  H.M.L 


Tbe  President  delivered  the  following  Address  at  Johanuesburg  on  Tueadaj, 
August  29 : — 

IntrodiLction, 

Whbn  Robert  Hooke,  in  tbe  early  part  of  the  seventeenth  century,  discoyered, 
with  the  aid  of  his  improved  compound  microscope,  tbe  cell  structure  of  plante,  he 
little  thought  that  our  ultimate  knowledge  of  the  physical  and  chemical  pioceaseN 
in  the  living  organism,  of  its  growth  and  reproduction,  of  tbe  problems  ofhereditj 
and  of  the  factors  underlying  the  origin  of  life  itself,  would  be  in  the  main  depen- 
dent upon  a  clear  understanding  of  the  structure  and  physiology  of  the  cell. 

Hoohe's  researches  did  not,  in  fact,  carry  him  very  far,  and  we  must  turn  to 
the  nearly  contemporaneous  works  of  Malpigbi  and  Grew  on  tbe  anatomy  of 
plants  for  the  first  clear  indication  of  tbe  important  part  which  cells  take  in  the 
constitution  of  tbe  various  tissues  of  plants.     The   account  they  give  of  them 
is  extremely  interesting  in   the  light  of  our  present  knowledge.    Grew,  for 
example,  in  speaking  of  the  structure  of  the  root,  compares  tbe  parenchyma  to  a 
sponge,  *  being  a  body  porous,  dilative,  and  pJkUe  ...  a  most  exquisitely  fine 
wrought  sponge.*     Tbe  pores  are  spherical  and  consist  of  'an  infinite  mass  of 
little  cells  or  bladders.    The  sides  of  none  of  these  are  visibly  pervious  from  one 
into  another ;  but  each  is  bounded  within  itself.  .  .  .  They  are  the  receptacles 
of  liquor,  which  is  ever  lucid,  and  .  .  .  always  more  thin  or  wat«ry.'    There  is  no 
indication  either  in  Grew's  or  Malpigbi's  worira  that  they  undorstooa  tbe  significance 
of  this  cell  structure,  and  it  was  not  until  the  beginning  of  tbe  nineteentb  century,, 
after  a  lapse  of  some  160  years,  that  any  insight  into  tbe  real  nature  of  the  cell 
and  its  functions  was  obtained.    But  then  bsgan  a  period  of  activity — associated 
with  tbe  names  of  Turpin,  Meyen,  Robert  Brown,  Purkinje,  J.  Miiller,  Uenle,- 
Valentin,  and  Dutrochet — which  culminated  in  the  cell  theory  of  Schleiden  and 
Schwann  that  tbe  common  basis  of  all  animal  and  plant  tissues  is  the  cell,  and 
that  it   is  upon  this  elementary  vital  unit  that  all  growth   and   development- 
depends. 

The  nucleus  was  discovered  in  1831  by  Robert  Brown  in  various  tissues  of  the 
Orcbidesd  and  in  some  other  families  of  tbe  monocotyledons,  as  well  as  in  some 
dicotyledons.  He  described  it  as  a  '  single  circular  areola,  generally  somewbat 
more  opaque  than  the  membrane  of  the  cell/  and  more  or  less  granular.  It 
is  very  distinct  and  regular  in  form,  and  its  granular  matter  is  held  together  by 
..   >  ^  .o   . 
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&  coagulated  palp  not  viaibly  granular,  or,  which  may  be  considered  equally  pro- 
bable, by  an  enveloping  membrane.  Although  Hobert  Brown  wis  the  first  to 
recognise  the  importance  of  the  nucleus,  and  to  give  it  a  name,  it  had  been  seen 
by  previous  observers,  and  he  himself  mentions  that  he  had  met  with  indications 
of  its  presence  in  the  works  of  Meyon  and  Purkinje,  chiefly  in  some  figures  of 
the  epidermis ;  in  a  memoir  by  Brogniart  on  the  structure  of  leaves,  and  that 
Mr.  Bftuer  had  particularly  noticed  it  in  the  cells  of  the  stigma  of  Bletia  temker- 
vUUa,  but  had  associated  it  with  the  impregnation  by  pollen.  There  are  some 
figures  by  Leeuwenhoek,  published  in  1719,  to  which  Professor  L.  C.  Miall  baa 
called  my  attention,  of  blood-corpuscles  of  a  fish,  human  epidermal  cells,  and  the 
connective  tissue  of  a  lamb,  in  which  nnclei  are  shown,  and  they  had  been  seeii 
by  Fontana  (1781)  in  epithelial  cells,  and  by  Cavolini  (1787)  in  some  fishes'  eggs. 

To  Schleiden  and  Schwann  the  cell  was  essentially  a  membranous  vesicle 
enclosing  a  fluid  sap  and  a  solid  nucleus.  They  thought  l^at  it  arose  in  contact 
with  the  jiucleus  as  a  delicate  transparent  vesicle  which  gradually  increased  in 
size  and  became  filled  with  the  watery  sap.  As  soon  as  it  was  completely  formed, 
the  nucleus,  having  done  its  work,  was  either  absorbed  or  cast  oil  as  a  '  useless 
member,'  or  in  some  cases  was  '  found  enclosed  in  the  cell-wall,  in  which  situation 
it  passes  through  the  entire  vital  process  of  the  cell  which  it  has  formed.'  So  far 
from  being  the  most  important  organ  of  the  cell,  as  we  now  consider  it  to  be,  they 
saw  in  the  nucleus  merely  a  centre  of  cell  formation  which  is  no  longer  required 
when  the  cell  is  formed.  It  was  left  for  Hugo  von  Mohl  to  show  that  the  mucns-like 
contents  of  the  cell  which  he  caUed  protoplasm  (1846)  is  the  real  living  matter  in 
which  reside  those  activities  which  call  into  play  the  phenomena  of  life,  and 
that  the  origin  of  nnclei  by  division  from  a  nucleus  already  existing  in  the  parent 
cell  would  possibly  be  found  to  occur  very  widely.  Von  Mohl,  Nfigelt,  and 
Hofmeister  sll  appear  to  have  had  some  idea  of  the  importance  of  the  nucleus  in 
ceU  division.  Yon  Mohl  says  that  the  '  process  is  preceded  in  almost  all  cases  by 
a  formation  of  as  many  nuclei  as  there  are  to  be  compartments  in  the  mother-cell.' 
Hofmeister's  description  of  it  is  interesting :  '  The  membrane  of  the  nucleus 
dissolves,  but  its  substance  remains  in  the  midst  of  the  cell ;  a  mass  of  granular 
mucilage  accumulates  around  it :  this  parts,  without  being  invested  by  a  mem- 
brane, mto  two  masses,  cmd  these  afterwards  become  clothed  with  membranes  and 
appear  as  two  daughtei^nuclei.' 

It  is,  however,  mainly  to  the  researches  of  the  last  thirty  years  that  we  owe 
our  knowledge  of  the  many  complex  cell-activities  at  work  in  living  organisms, 
and  we  are  still  only  just  on  the  fringe  of  the  great  problems  which  cytology 
has  to  solve.  Some  of  the  most  important  of  these  are  the  origin  and  evolution 
of  the  nucleus,  the  meaning  of  the  complex  mode  in  which  the  nucleus  divides,  the 
origin  and  nature  of  the  spindle  figure  and  centrosomes,  the  nart  pla^red  by  the 
chromosomes  in  the  transmission  of  hereditary  characteristics,  tne  meaning  of  the 
phenomena  accompanying  fertilisation,  the  significance  of  the  longitudinal  division 
of  the  chromosomes  and  of  their  reduction  in  number  in  the  sexual  ceils,  and  the 
evolution  of  the  living  substance.  The  satisfactory  solution  of  these  problems 
depends  upon  a  dear  understanding  of  the  structure  of  protoplasm  and  its  various 
differentiations.  How  far  we  have  succeeded  in  obtaining  this  I  will  endeavour 
to  show. 

The  DiffetentifUion  of  Structure  in  the  CM, 

The  essential  constituent  of  a  cell  is  the  protoplasm.  This  is  difierentiated  into 
two  constituents,  the  cytoplasm  and  the  nucleus.  It  is  usually  held  that  this 
differentiation  is  an  essential  one,  and  that  these  two  constituents  are  present  in  all 
cells ;  but,  as  we  shall  see  later,  there  is  some  evidence  that  not  only  are  there  cells 
with  very  rudimentary  nuclei,  but  cells  in  which  no  trace  of  a  nuclear  structure 
can  be  found  at  all. 

In  addition  to  this  primary  differentiation  of  the  cell,  secondary  diflerentiations 
occur,  resulting  in  the  production  of  organs  such  as  chloroplasts,  chromoplasts 
leucoplaste,  pyren<uds,  and  pigment  spot%  which  have  special  functions  to  perform 
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All  these  are  permanent  organs  of  the  cell,  produced  in  the  first  Instance  as  a  result 
of  the  cell  activity,  but  now  capable  of  an  independent  existence  in  the  cell,  m 
that  they  repreduce  themselves  by  division,  and  are  in  this  way  carried  on 
from  cell  to  cell. 

In  many  cells  there  are  formed  at  certain  stages  other  organs  which  appear  to 
be  transitory,  and  are  only  produced  when  they  are  required.  Such  are  the  apindle 
figure,  the  centrosome,  the  blepharoplast,  and  the  coenocentrum. 

So  far  as  we  know,  the  cell  is  the  smallest  vital  unit  that  can  have  a  separate 
existence.  But  it  is  only  among  the  unicellular  organisms  and  under  certain  con- 
ditions in  the  earlier  stages  of  development  of  the  more  highly  organised  multi- 
cellular organisms  that  cells  have  a  perfectly  independent  life.  Schwann^s 
hypothecs  that  the  multicellular  body  is  a  colony  of  mdependent  vital  activities 
ffoveming  the  nutrition,  growth,  and  reproduction  of  the  whole  is  not  tenable. 
The  cell  cannot  be  regarded  as  an  independent  unity  working  merely  in  asso- 
ciation with  other  cells.  Its  life  and  existence  depend  upon  these.  It  is  an  integral 
part  of  an  individual  organisation,  and  cannot  exist  apart  from  it.  But  this 
absolute  dependence  of  individual  cells  upon  the  orgameation  as  a  whole  is  only 
lealised  in  the  more  hiffhl^  developed  forms.  In  the  lower  types  of  plants  (and 
animals)  it  is  possible,  during  the  early  staj^^es  of  development,  to  separate  a  single 
cgH  from  the  whole,  which  will  still  continue  to  live  and  grow.  Kach  cell  is  no 
doubt  dependent  upon  the  others  to  some  extent,  even  at  this  early  stage,  but  it 
still  retains  the  power  to  develop  independently  if  placed  under  suitable  conditions. 
As  cell  diviaon  continues  each  cell  becomes  more  and  more  dependent  upon  its 
fellows,  until  the  stage  is  reached  when  it  no  longer  has  the  power  to  exist  by  itself. 
The  various  functions  performed  by  a  cell  reside  within  it  as  an  individual  unit, 
but  the  exercise  of  these  functions  is  governed  by  the  organism  as  a  whole.  Just 
as  the  organism  seeks  for  a  state  of  equilibrium  in  relation  to  various  external 
stimuli,  so  a  cell  in  an  organism  has  to  adapt  itself  to  and  come  into  a  state  of 
equilibrium  with  the  various  cells  around  it. 

The  Nueleua. 

The  nucleus  is  the  centre  of  activity,  and  governs  the  vital  functions  of  the  cell. 
All  investigations  show  that  in  its  absence  the  cell  soon  ceases  to  perform  its  vital 
functions  and  dies. 

In  all  ceUs,  from  the  algae  and  fungi  upwards,  the  nucleus  is  more  or  less  clearly 
delimited  from  the  cytoplasm  by  a  membrane  or  limiting  layer.  The  important 
substance  which  is  thus  separated  olT  from  the  rest  of  the  cell  is  the  cliromatin, 
probably  the  most  complex  and  most  highly  differentiated  chemical  compound  or 
collection  of  compounds  in  the  cell.  It  exists  in  the  form  of  a  more  or  less 
granular  network,  and  is  characterised  chemically  by  the  presence  of  phosphorus, 
which  is  in  organic  connection  with  it.  We  may  look  upon  the  chromatin  as  the 
highest  point  in  the  development  of  living  substance,  upon  which  the  activities  of 
the  cell  m  great  measure  depend,  and  as  the  seat  of  origin  of  all  those  complicated 
dianges  which  have  for  their  ultimate  aim  the  division  of  the  cell. 

Tne  division  of  the  nucleus  begins  by  a  series  of  transformations  in  the 
chromatin  network  which  lead  to  the  differentiation  in  it  of  chromosomes.  We 
know  very  little  of  what  actually  takes  place  during  these  changes,  and  practically 
nothing  of  the  forces  at  work  to  bring  them  about.  But  the  visible  result  is  that 
the  chromatin  granules  gradually  fuse  together,  or  become  restricted  to  certain 
areas  by  the  increased  vacuolation  of  the  ground  substance  of  the  nucleus  to 
form  a  thick,  mora  or  less  regular  thread,  in  which  can  be  observed  at  certain 
stages  a  differentiation  into  alternate  regions  of  stunable  and  unstainable  sub* 
stance — chromatin  and  achromatin — which  finally  breaks  up  into  equal  or  un- 
equal lengths  to  form  the  chromosomes.  In  some  cases  the  chromatin  granules  or 
network  l)ecome  aggregated  into  a  definite  number  of  irregular  masses  which 
form  the  chromosomes  directly  without  the  production  of  a  distinct  chromatin 
thread. 

This   nuclear   differentiation   is    usually  accompanied   by  changes  in  the 
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cytoplasm  which  lead  to  the  appearaDce  of  a  fibrillar  structure  in  the  form  of 
a  more  or  less  regular  spindle,  the  threads  of  which  come  into  contact  with  the 
chromosomes  through  the  breaking  down  of  the  nuclear  wall.  The  chromosomes 
then,  by  the  action  of  a  force  or  forces  of  which  we  as  yet  know  rery  little, 
arrange  themselves  in  regular  order  in  the  equatorial  plane  of  the  spindle  figure, 
and  some  of  the  spindle  fibres  become  attached  to  them.  The  chromosomes 
become  divided  longitudinally  into  two  apparently  exactly  equal  halves;  and 
then,  probably  by  the  exertion  of  some  sort  oi  contractile  force  or  pull  on  the  part 
of  the  spindle  fibres,  the  separate  halves  are  caused  to  move  to  opposite  poles  of 
the  spindle.  Here  a  series  of  transformations  take  place,  whicn  lead  to  the 
constitution  of  two  new  nuclei.  Such  are  the  essential  features  in  this  complex 
process  of  nuclear  division,  and  it  is  a  striking  fact  that  they  occur  with  more  or 
less  regularity  in  all  nuclei  from  the  alga  and  fungi  up  to  the  highest  plants. 

The  StTuctv/re  of  Cytoplasm, 

In  the  elucidation  of  cell  structure  we  owe  much  to  the  beautiful  methods  of 
staining  and  fixing  which  are  due  especially  to  Flemming  and  Heidenhain,  to  the 
improved  micro-chemical  methods  which  we  owe  especially  to  Zacharias  and 
Macallum,  and  to  the  investigations  of  such  observers  as  Fischer  and  Mann,  who 
have  shown  us  the  efiects  of  various  reagents  upon  the  living  substance,  and  have 
thus  taught  us  to  be  very  cautious  in  our  interpretations  of  the  structures  seen  in 
dead  fix^  cells. 

The  investigations  of  oil-foams  and  colloids  by  Butschli,  Hardy,  and  others 
have  given  us  a  clue  to  possible  explanations  of  the  various  appearances  seen  both 
in  the  living  and  dead  nxed  and  stained  cells,  and  the  introduction  of  the  ribbon 
section  cutting  microtome  into  the  domain  of  vegetable  histology  has  enabled  us 
to  make  the  best  use  of  the  beautiful  apochromatic  object-glasses  which  we  owe  to 
the  researches  of  the  late  Professor  Abb^. 

It  is  unfortunate  that,  so  far,  very  little  progress  has  been  made  in  the  exami- 
nation of  the  structure  of  the  living  cell.  We  may  hope  that,  with  the  improved 
methods  of  illumination  now  available,  combined  with  experimental  investigation, 
it  will  be  possible  to  make  some  progress  in  this  direction.  It  is  of  the  greatest 
importance  that  we  should  be  able  to  satisfy  ourselves  to  what  extent  the  various 
appearances  seen  in  the  fixed  and  stained  cell  are  due  to  the  action  of  the  reagents 
employed.  In  this  respect  a  recent  discovery  by  K5hler,  which  indicates  the  pos- 
sibnity  of  making  use  of  the  ultra-violet  rays  in  such  investigations,  is  of  intere^. 
Kohler  ('  Phys.  Zeit.,'  1004)  finds  that  if  the  ultra-violet  rays  from  the  electric  spark 
between  cadmium  or  magnesium  terminals  are  separated*  out  by  means  of  quartz 
prisms,  objects  illuminated  by  them,  when  examined  bv  means  of  lenses  made  of 
quartz,  show  differentiations  of  structure  which  otherwise  require  staining  to  make 
them  visible.  The  chromatin  of  the  nucleus  and  such  substances  as  cuticle  and  cork 
are  almost  opaque  to  the  ultra-violet  rays,  andean  be  made  visible  on  a  fiuoiescent 
screen  or  can  be  photographed.  The  resolving  power  of  the  microscope  is  doubled, 
and  Lummer  considers  that  the  principle  employed  is  the  only  one  by  which 
further  progress  in  resolving  power  can  be  made.  If  the  method  is  found  by 
cytologists  to  be  a  workable  one,  it  may  open  up  an  entirely  new  field  of  micror 
scopic  investigation  by  which  the  protoplasmic  differentiation  in  living  cells  may 
be  more  clearly  reveded. 

Many  attempts  have  been  made  to  show  that  the  cytoplasm  possesses  a  definite 
morphological  structure  of  its  own,  which  is  related  to  the  various  functions  it 
perrorms,  and  that  it  is  not  a  formless  semi-viscid  fiuid  in  which  various  physical 
and  chemical  forces  are  at  work»  and  upon  which  the  various  structures  observed 
depend ;  in  other  words,  that  it  possesses  a  morphological  constitution  as  opposed 
to  a  merely  chemical  one. 

Fromman  and  Heitzmann  in  1875  described  the  structure  of  cytoplasm  as  con- 
sisting of  fine  threads  or  fibres  in  the  form  of  a  net  with  fluid  between  and  form- 
ing a  spong»-like  structure.  Flemming  in  1882  described  it  as  composed  of  two 
substances,  one  in  the  forn^  of  fibrils  (filar  substaqce)  embedded  in  the  othep, 
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a  more  or  less  homogeDeous  interBlar  substance.  In  1890  Altmajas  propounded 
his  interesting  hypothesis  that  all  living  substance  is  made  op  of  minute  granules 
or  biobUsts,  which  are  the  real  vital  units  or  elementary  organism,  embedded  in  a 
homogeneous  substance,  the  non«living  matter.  Oells  are  formed  by  a  combinatioD 
of  these  units  of  a  lower  order,  and  are  therefore  individuals  or  units  of  the 
second  order. 

At  about  the  same  time  Butschli  brought  forward  his  celebrated  hypothesis 
of  the  froth  or  alveolar  structure  of  cytoplasm.  This  was  based  upon  an 
extensive  series  of  observations  upon  both  living  and  dead  cells  as  well  as  upon 
froths  or  foams  made  bv  mixing  salts  of  various  kinds  with  oil  and  then  placing 
small  particles  of  the  oily  mixtures  so  obtained  in  water. 

Butschli  compares  the  structure  of  cytoplasm  to  that  of  a  fine  froth,  and  con- 
siders that  much  of  the  granular,  and  network  or  fibrillar  structure  can  be  referr^ 
to  the  optical  appearances  presented  by  such  a  froth.  That  such  structures  are 
visible  cannot  be  doubted  by  anyone  who  has  examined  these  froths  attentively 
with  the  microscope.  But  that  all  the  fibrillar  structures  described  by  Fromman 
and  Flemming,  whose  observations  have  often  been  confirmed  since  by  competent 
cytologists,  can  be  referred  to  a  froth  structure,  cannot,  1  think,  be  accepted  by 
anyone  who  has  carefully  examined  plant  cells. 

The  microscopical  examination  of  oil-foams  is  likely  to  be  of  great  service  to 
us  in  the  interpretation  of  the  appearances  seen  in  the  livinff  cell.  A  fine  oii-foam, 
for  example,  two  or  three  layers  of  alveoli  in  thickness,  looks  exactly  like  a  ,pieoe 
of  granular  cytoplasm  such  as  is  often  seen  in  cells.     Even  when  examined  under 
the  highest  powers,  the  appearance  presented  is  that  of  a  delicate  network  filled 
with  bright  refringent  granules  more  or  less  regularly  spaced,  exactly  like  the 
granular  network  so  often  seen  in  fixed  and  stained  cells.    And  yet,  as  Butschli 
has  shown,  there  are  no  granules  in  the  oil-fpam ;  the  granular  appearance  is  due 
to  the  optical  appearance  of  the  meshes  above  or  below  those  that  are  in  focus. 
So  it  may  be  in  cytoplasm  :  much  of  the  granular  structure  we  see  in  it,  especially 
when  acted  upon  by  reagents  or  heat,  may  be  due  in  some  measure  to  the  optical 
appearance  of  minute  alveoli.    There  are,  of  course,  granular  structures  in  the 
cytoplasm  which  have  a  very  real  existence,  as  can  be  proved  by  their  movemeDts 
and  oy  their  reactions  to  stains  and  reagents  of  various  Kinds,     l^ut  staining  can- 
not be  taken  as  a  proof  of  the  existence  of  granules.    If  an  oil-foam  be  stained  by 
oemic  acid  we  get  an  appearance  of  a  brownish  network  containing  deeply  stain^ 
(black)  granules,  although  when  a  layer  only  one  layer  of  alveoli  in  tnickness  is 
examined  no  granules  can  be  seen.     It  seems  to  me,  therefore,  that  we  have  to  be 
extremely  careful  in  our  interpretation  of  structure  of  protoplasm,  especially  bs 
seen  under  high  powers  of  the  microscope.     It  is  possible  that  many  of  the  dis^ 
crepancies  in  the  accounts  given  of  both  cytoplasmic  and  nuclear  structures  may 
tend  to  disappear  if  attention  be  paid  to  such  possibilities  as  those  which  are 
revealed  in  a  careful  investigation  of  oil-foams. 

Butschli's  hypothesis  has  received  a  considerable  measure  of  support  owing  to 
the  ease  with  which  the  appearances  described  by  him  can  be  seen,  especially  in 
cells  at  certain  stages  of  development.  Butschli  considers  that  the  fine  froth-iike 
structure  is  not  to  be  confounded  with  the  coarser  vacuolar  structure  which  is 
often  found.  Whether  such  a  difference  exists  between  the  coarser  vacuolar 
structure  and  the  fine  alveolate  structure  seems  to  me  difficult  to  determine. 
I  have  examined  some  hundreds  of  different  kinds  of  plant  cells,  both 
living  and  in  the  fixed  and  stained  conditions,  and  I  have  never  been  able  to 
convince  myself  that  there  is  any  essential  difference  between  them.  We  can  easily 
see,  as  Wilson  has  described  for  animal  cells,  under  favourable  conditions,  a  dis- 
tinct gradation  from  the  minute  alveolate  structure,  described  by  Butschli,  through 
all  intermediate  stages  up  to  the  coarser  vacuolation  of  the  cytoplasm.  And  the 
same  is  also  true  of  oil-foams.  So  also  we  can  trace  the  alveolate  structure  in 
cytoplasm  from  the  minute  alveoli  down  to  smaller  and  smaller  idveoli,  until  at 
last  an  alveolar  structure  is  no  longer  visible,  even  under  the  highest  powers  and 
best  illumination  which  are  at  present  possible.  We  then  get  a  perfectly  homo- 
geneous appearance  in  the  cytoplasm,  just  as  in  fresh  white  of  egXj^ 
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There  are  yery  few  oells  which  do  not  show  a  trace  of  this  foam  structure  at 
some  stage  or  other  in  their  development.  It  is  very  commonly  seen  in  plant 
ceUS)  and  is  especially  pronounced  in  cells  in  which  there  is  any  kind  of  metabolic 
activity,  and  is  very  often  displayed  in  cells  in  which  disintegration  is  taking 
place.  The  cells  of  the  larger  Oyanophyceea  frequently  show  this  when  they  are 
in  the  preliminary  stages  of  disintegration.  lu  the  actively  growing  cells  of  yeast, 
in  the  oospheres  of  fungi,  and  in  sexual  cells  of  the  higher  plants,  it  is  commonly 
well  displayed.  On  the  other  hand  we  may  often  find  in  vegetative  cells,  in  which 
there  is  very  little  metabolic  activity,  a  complete  absence  of  foam  structure. 
In  such  cells  we  can,  however,  easily  cause  it  to  appear  by  subjecting  them  to 
pressure  or  heat,  or  to  the  action  of  reagents.  In  cells  of  living  Eiiglene,  for 
example,  which  are  subjected  to  gentle  pressure  under  a  cover-glass,  the  clear 
homogeneous  regions  of  the  cytoplasm  soon  become  tilled  with  a  beautiful  vacuolar 
structure.  In  some  vegetative  cells  we  find  that  parts  of  the  cytojplasm  exhibit  a 
foam  structure,  whilst  others  do  not :  this  is  no  doubt  to  be  associated  with  local 
activities  in  the  cell.  Such  cases  can  be  very  easily  seen  in  the  cells  of  the 
stAminal  hairs  of  Tradescantia  and  the  epidermal  cells  of  the  leaf. 

Strasburger  considers  that  the  cytoplasm  is  of  two  kinds,  which  he  calls 
kinoplasm  and  trophoplasm.  The  kinoplasm  exhibits  a  fibrillar  structure,  the 
trophoplasm  an  alveolate  structure.  The  kinoplasm  is  that  part  of  the  cytoplasm 
which  IS  active  in  the  mechanics  of  cell-division  and  foims  the  fibres  of  the  spindle, 
astral  radiations,  and  such  structures  as  centrosomes  and  blepharoplasts.  The 
trophoplasm  is  to  be  regarded  as  nutritive  in  function.  The  great  objection  to 
this  hypothesis  is  that  it  is  only  at  certain  periods  in  the  cycle  of  changes  which 
the  cell  undergoes  that  these  structures  are  visible ;  at  other  times  the  kinoplasm 
cannot  be  distinguished  from  other  parts  of  the  cytoplasm,  and  it  cannot  be  satis- 
factorily demonstrated  that  any  one  part  of  ite  cytoplasm  is  likely  to  be  more 
active  in  the  mechanics  of  division  than  another. 

From  this  brief  discussion  of  the  question  it  is,  I  think,  obvious  that  we  cannot 
come  to  any  very  definite  conclusion  as  to  whether  a  foam  structure  is  an  essential 
attribute  of  cytoplasm  or  not.  But  from  the  fact  that  cytoplasm  appears  homogeneous 
under  certain  conditions,  and  that  the  foam  structure  can  be  so  readily  produced  in 
it  by  various  means,  and  further  that,  as  Hardy  has  shown,  the  action  of  certain 
reagents  upon  colloids  results  in  the  separation  of  solid  particles  which  become 
linked  together  to  form  a  comparatively  coarse,  solid  framework  in  the  form  of  an 
open  net  which  holds  fluid  in  its  meshes,  it  is  probable  that  we  shall  find  the  foam- 
Btructure  theory  of  protoplasm  is  not  tenable.  It  seems  far  more  in  accordance 
with  what  we  know  that  we  should  regard  protoplasm  as  fondamentally  a  semi- 
fluid, homogeneous  mass,  in  which,  by  its  own  activity,  granules,  vacuoles, 
fibrils,  &c.,  can  be  produced  as  secondary  structures ;  and  that  any  special 
morphological  structure  which  it  may  possess  is  beyond  the  limits  of  the  present 
resolving  powers  of  the  microscope. 

The  Structure  of  the  Nudeua, 

From  the  recent  observations  of  Gregoire  and  Wygaerts,  fierghs,  Allen, 
Mano,  and  others,  it  is  difficult  to  arrive  at  any  definite  conclusions  as  to  the 
structure  of  the  nucleus,  or  as  to  the  changes  whidi  take  place  in  it  leading  to  the 
production  of  the  chromosomes.  The  resting  nucleus  seems  to  possess  a  very 
simple  organisation.  In  the  living  condition  it  appears  to  consist  merely  of  a 
homogeneous  ground  substance  in  which  is  containea  a  mass  of  chromatin  granules 
which  do  not  appear  to  have  any  particular  shape,  and  one  lax^r  granule  of  a 
spherical  shape,  the  nucleolus,  sometimes  a  network  or  foam  structure  is  visible, 
but  not  always ;  but  here,  as  in  the  cytoplasm,  it  is  difficult  to  be  certain  of  this. 
It  may  be  that  the  chromatin  is  always  in  the  form  of  an  irregular  network 
embedded  in  the  colourless  ground  substance,  and  that  the  granular  appearance 
is  due  to  an  optical  eflfect  similar  to  that  observed  in  finely  meshed  oil-foams. 
According  to  Strasburger,  Miss  Sargant,  Farmer  and  Moore,  Mottier,  and  others, 
Ufe  nucleus  contains  (^n  achromatic  network— the  linin — ^in  wUcb  the  chromatid. 
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granales  are  embedded.  Maiio,  Moll,  and  Sypkens  deny  the  existence  of  theee 
two  substances,  and  state  that  the  network  consists  of  chromatin  only ;  yyhile 
Gregoire  and  Wjf^aerts,  Allen  and  Berghs,  are  inclined  to  the  yiew  that  there 
is  a  fundamental  basis  of  linin  which  is  impregnated  by  chromatin  ordinarily  dif- 
fused through  its  whole  substance,  but  capable  of  being  collected  into  certain  definite 
regions  under  certain  conditions  by  which'  the  granular  appearance  is  produced. 
The  evidence  brought  forward  in  many  of  the  more  recent  mvestigations  certainly 
goes  to  show  that  the  chromatin  is  not  in  the  form  of  such  definite  granules  as 
was  at  one  time  supposed ;  that  they  are  not  so  regular  in  size  or  outline ;  and  that 
it  is  not  easy  to  differentiate  between  the  chromatin  and  achromatin  contents  of 
the  nucleus.  Staining  reactions  do  not  afford  a  sound  clue  to  their  differentiation, 
for,  as  Fischer  and,  more  recently,  Allen  haye  shown,  the  differences  in  staining 
reactions  of  the  different  parts  oi  the  nucleus  yary  according  to  the  strength  of 
the  stain,  the  time  it  is  allowed  to  act,  and  the  size  or  thickness  of  the  granales  or 
threads  stained. 

Strasburger  has  suggested  that  the  chromosomes  are  formed  by  the  fusion  of 
gamosomes  (chromatin  granules)  around  gamo-centres  into  zygosomes  (chromo- 
somes), but  the  changes  which  take  place  are  probably  not  so  clearly  defined  as  this. 
What  seems  clear  from  the  facts  we  know  is  that  the  substance  forming  the 
homogeneous  chromosomes — the  chromatin  or  nuclein — becomes  broken  up  in  the 
reconstitution  of  the  daughter-nuclei,  by  yacuolation  or  otherwise,  into  an  irregular 
network  which  presents  a  granular  appearance.  In  this  all  trace  of  the  original 
indiyidual  chromosomes  is  in  most  cases  lost,  and  at  the  same  time  one  or  more 
deeply  staining  bodies  of  a  spherical,  or  nearly  spherical  shape — the  nucleoli — 
appear  in  contact  with  it.   • 

The  Nucleolus  and  its  Function, 

The  evidence  is  steadily  accamulating  that  the  nucleolus  is  intimately  con- 
cerned in  the  formation  of  tbe  chromosomes,  although  probably  not  exclusively 
concerned  in  this  function.  In  most  cases  it  appears  to  form  a  part  of  the 
chromatin  network,  being  connected  to  it  by  threads  and  ^.nerally  gives 
similar  reactions  to  the  chromosomes.  In  some  few  cases  it  is  described  as 
completely  separated  from  the  network  by  a  clear  area  which  is  visible  both 
in  the  living  and  in  the  stained  condition.  The  evidence  that  the  nucleolus 
is  concerned  in  chromosome  formation  may  be  summed  up  as  follows:  the 
nucleoli  are  closely  connected  or  associated  with  the  nuclear  network ;  as  the 
nuclear  network  becomes  more  deeply  stained  the  nucleoli  become  smaller  or  lose 
their  capacity  for  stains;  at  the  time  the  chromosomes  are  being  differentiated 
they  are  connected  to  the  nucleoli  by  delicate  threads ;  the  chromosomes  resemble 
nucleoli  in  their  behaviour  towards  reagents  and  stains ;  during  the  period  of 
sinapsis  the  nucleoli  come  into  very  close  relations  with  the  nuclear  thread,  and 
as  the  nucleus  gradually  passes  out  of  the  sinaptic  stage  the  thread  stains  mors 
deeply;  in  the  reconstitution  of  the  daughter-nuclei  the  chromosomes  can  he 
seen  to  fuse  together  into  a  more  or  less  irregular  mass,  out  of  which  the  delicate 
nuclear  network  and  the  prominent  nucleolus  are  evolved  |  in  certain  cases  all 
the  chromatin  appears  to  be  stored  up  in  the  nucleolus. 

It  has  been  suggested  that  the  nucleolar  substance  is  a  product  of  excretion  of 
the  nucleolus,  but  there  is  very  little  evidence  for  this  view.  On  the  other  hand 
it  is  very  likely,  as  suggested  by  Mottier,  that  the  nucleolus  contains  a  store  of 
nutritive  material  which  can  be  used  up  for  various  purposes,  both  in  the  nucleus 
and  in  the  cytoplasm.  In  some  cells  a  portion  of  the  nucleolar  substance  is 
thrown  out  into  the  cytx)pla8m  during  the  divifdon  stages,  and  it  is  very  probable 
that  this  may  have  some  important  connection  with  the  metabolic  activity  of  the 
cell  at  this  period.  Miss  Ferguson  points  out,  for  example,  that  it  is  extremely 
probable  that  a  portion  of  the  nucleolar  substance  of  the  egg  nucleus  of  Pimis 
becomes  transferred  into  the  cytoplasm,  where  it  gives  rise  to  the  proteid  vacuoles 
or  nutritive  spheres  of  the  oosphere.  The  same  phenomena  are  also  observable 
in  Gingko,  according  to  Hirase,  and  have  been  noticed  by  other  observers.    In 
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thA  zygote  ot  Polyphagus  etu/lencs  1  haye  observed  that  a  large  portion  of  the 
nucleolar  substance  of  both  the  sexual  nuclei  passes  out  into  the  cytoplasm,  and 
there  in  some  way  assists  in  the  production  of  the  oily  reserve  substance  which 
appears  in  it.  It  is  also  possible  that,  as  Strasburger  suggests,  it  may  be  con- 
cerned in  some  way  in  the  formation  of  the  nuclear  spindle  either  by  actually 
providing  substance  for  its  formation,  or,  what  is  nerhaps  more  likely,  by 
setting  up  certain  changes  in  the  cytoplasm  which  leaa  to  its  aggregation  into 
fibrillflB. 

If  the  chromatic  material  of  the  nuclear  network  and  nucleolus  is  the  most 
highly  organised  of  all  the  living  constituents  of  the  cell,  it  is  probably  intimately 
concerned  in  all  the  important  activities  of  the  cell,  whether  they  lead  to  the 
storing  up  of  reserve  substances,  or  to  the  expression  of  the  special  activities  of 
any  particular  cell,  or  to  the  production  of  those  special  modifications  of  the 
nucleus  and  cytoplasm  by  whicn  the  division  of  the  cell  is  brought  about.  The 
function  of  the  nucleolus  may  thus  very  well  be  simply  that  of  a  reserve  of  this 
highly  complex  chromatin  which  can  be  drawn  upon  as  occasion  requires.  If  we 
consider  it  in  this  light  it  wUl,  I  think,  be  found  much  easier  to  understand  its 
relation  to  the  complex  changes  which  take  place  in  the  nucleus  during 
division  than  if  we  regard  it  as  a  definite  organ  of  the  cell  with  a  special  function 
to  perform. 

J)ivision  of  the  N\icleu8  in  the  Spore  Mother- cells. 

The  divisions  of  the  nucleus  which  lead  immediately  to  the  formation  of  the 
spores  possess  some  features  which  are  not  found  in  ordinary  vegetative  mitosis, 
and  which  have  an  important  bearing  upon  the  facta  of  heredity.  The  first  of 
these  is  known  as  the  heterotype,  the  second  as  the  homotype  division.  The 
essential  features  of  the  heterotypical  division  are  as  follows :  "The  chromatin  net 
becomes  gradually  resolved  into  a  more  or  less  continuous  spireme.  Thus  thread 
(or  threads)  contracts  into  an  irregular  mass  around  the  nucleolus,  a  phenomenon 
which  was  first  discovered  by  Moore,  and  to  which  he  gave  the  name  of '  sinapsis.* 
Some  observers  regard  this  contraction  as  caused  by  reagents;  but  since  it  has  been 
observed  in  tlie  living  condition  by  Miss  Sargnnt  and  otber**,  it  is  probably  a  defi- 
nite and  normal  stage  in  the  division.  It  is  concerned  with  some  very  pronounced 
changes  which  take  place  at  this  time  in  the  nucleus.  The  nuclear  thread  becomes 
more  prominent,  stains  more  deeply  and  exhibits  a  double  row  of  granules  which 
gives  it  the  appearance  of  a  double  thread.  This  has  been  variously  interpreted  by 
diflferent  investigators:  MissSargant,  Farmer  and  Moore,  and  many  others  consider 
that  it  is  due  to  a  longitudinal  splitting  of  the  thread ;  Dixon,  Gregoire,  Berghs, 
and  Allen  consider  it  as  indicating  a  close  approximation  of  separate  loops  of  the 
thread.  Whichever  of  these  explanations  is  the  correct  one,  the  uoubling  gradually 
disappears  and  the  thread  becomes  distributed  through  the  nuclear  cavity  and  again 
appears  single ;  it  becomes  shorter  and  thicker  and  once  more  becomes  aggregated 
around  the  nucleolus.  This  may  be,  as  Miss  Sargant  suggests,  a  second  sinapsis. 
At  this  stage  the  chromosomes  appear,  but  reduced  to  half  the  number  of  those  which 
appeared  in  the  previous  divisions,  so  that  they  may  be  regarded  as  bivalent  or 
double  chromosomes.  They  become  shorter  and  thicker,  and  gradually  become 
grouped  in  the  equatorial  plane  of  the  nucleus,  where  they  become  attached  to  the 
spindle  fibres.  Each  chromosome  now  divides  into  two  halves,  which  pass  to  the 
respective  poles  of  the  spindle,  to  form,  without  the  intervention  of  a  complete 
resting  stage,  the  division  figures  of  the  daughter-nuclei. 

The  exact  mode  in  which  the  division  of  the  chromosomes  into  two  halves 
takes  place  is  the  subject  of  much  controversy.  The  studies  of  Weissman  on 
the  phenomena  of  heredity  led  him  to  the  conclusion  that  the  chromoeomes  consist 
of  more  than  one  complete  ancestral  germ-plasm,  and  that  consequently  these 
must  be  reduced  in  number  in  the  sexual  cells  to  escape  the  extraordinary  com- 
plexity which  would  arise  if  the  ancestral  germ-plasms  were  doubled  at  each 
0exual  fusion.  As  the  longitudinal  division  of  the  chromosomes  divides  them  into 
two  equal  halves  it  is  obvious  that  this  will  not  reduce  the  number  of  ancestral 


570  REPORT— ^1905 

germ-plaBms,  and  therefore  Weiasman  predicted  that  a  tranfiyerse  diyiaion  of  the 
chromosomes  would  be  found  to  take  place  by  which  the  reduction  would  be 
brought  about.  This  was  soon  discovered  to  be  the  cafie  for  many  animal 
cells,  the  reducing  division  taking  place  during  the  formation  of  the  aexuid  cells, 
but  in  plants  this  was  not  so  easily  determined.  Belajeff,  Dixon,  Atkinson,  and 
others  maintained  that  a  true  reduction  division  took  place  in  the  cases  examined 
by  them ;  but  the  majority  of  observers,  Miss  Ethel  Sargant,  Strasburffer,  Fanner, 
Mottier,  and  many  others,  maintained  that  there  was  no  transverse  division,  but 
that  all  the  divisions  were  longitudinal.  Recently,  however.  Farmer  and  Moore 
have  reinvestigated  the  whole  secjuence  of  events  in  both  animals  and  plants,  vnth 
the  result  that  a  true  reduction  division  is  found  to  occur  in  the  heterotype  stage. 
In  many  investigations  which  have  recently  appeared  this  transverse  aivieion  ia 
confirmed,  but  the  exact  details  of  the  process  are  not  yet  agreed  upon.  Fanner  and 
Moore  state  that  the  spireme  thread  first  becomes  longitudinallv  split,  the  two 
longitudinal  halves  tiien  fuse  again,  and  subseauently  bivalent  chromosome  loops 
are  formed  which  divide  transversely  in  the  middle,  and  so  produce  two  monovalent 
chromosomes  which  pass  to  opposite  p^les  of  the  spindle,  as  already  described. 
Qregoire,  on  the  other  hand,  states  that  the  threads  at  the  first  sinapsis  become 
approximated  together  and  then  fuse ;  the  double  thread  thus  produced  breaks  up 
into  chromosomes,  which  are  thus  bivalent  in  a  different  sense  from  those  of 
Farmer  and  Moore,  the  monovalent  chromosomes  being  produced  by  a  longitudinal 
splitting  of  the  thread,  which  divides  it  into  Uie  two  original  halves  which  fused 
together. 

Which  of  these  two  methods  will  ultimately  be  found  to  be  the  comet  one 
remains  to  be  seen,  but  Allen  has  recently  published  an  account  of  the  process  as 
it  occurs  in  LUium  canadense,  in  which  he  agrees  substantially  with  Gregoire, 
and  states  definitely  that  the  first  appearance  of  the  double  nature  of  the  thread 
is  not  due  to  a  longitudinal  splitting  of  a  single  thread,  but  to  an  approximation 
of  two  threads,  which  ultimately  fuse  together  to  form  a  single  continuous  thread 
in  the  nuclear  cavity.  This  thread  at  a  later  stage  undergoes  a  longitudinal 
splitting,  possibly  into  those  which  formerly  united ;  but  this  is  not  certam.  The 
double  thread  then  divides  up  into  segments,  the  chromosomes,  and  in  the  sub- 
sequent series  of  events  the  longitudinal  halves  of  these  chromosomes  become 
distributed  to  the  opposite  poles  of  the  spindle.  Each  chromosome  is  thus  seen  to 
be  bivalent ;  but  whether  each  half  of  the  chromosome  is  to  be  regarded  as  a 
monovalent  chromosome  is  doubtful,  as  the  fusion  of  the  original  threads  was 
complete,  and  there  is  no  means  of  deciding  as  to  how  far  tlie  subsequent  longi- 
tudinal division  of  the  completely  fused  thread  separated  it  into  its  two  original 
parts. 

Allen  expresses  the  opinion  that  the  characteristic  peculiarities  of  the  hetero- 
type division  are  due  to  the  formation  of  two  distinct  niirems,  which  contain  the 
substances  derived  respectively  from  the  male  and  temale  parents.  The  two 
spireme  fuse  together  into  a  Bincfle  thread  in  the  sinaptic  stage,  and  thus  bring 
aoout  an  intimate  association  ot  the  male  and  female  hereditary  substances  winch 
were  brought  together  by  the  fusion  of  the  germ-cells  thousands  of  cell  generations 
previously. 

This  view  is,  of  course,  so  totally  difierent  from  that  of  Farmer  and  Moore, 
Strasburger,  and  others,  that  further  investigation  is  necessary  before  we  can 
come  to  any  precise  conclusion  concerning  t-he  nature  of  the  heterotypical 
division.  Allen's  suggestion  opens  up  an  extremely  interesting  problem  in 
cytology,  and  one  which  is  intimately  bound  up  with  recent  views  on  heredity. 

Sinapsis, 

The  term  '  sinapsis '  was  first  given  by  Moore  to  that  stage  in  the  prophases  of  . 
the  nuclear  division  of  the  sexual  cells  in  which  the  contraction  of  the  nuclear 
thread  around  the  nucleolus  at  one  side  of  the  cavity  of  the  nucleus  takes  place. 
If  this  phenomenon  is  not  a  result  of  the  action  of  the  fixii\g  reagents,  then  it 
indici^tes  some  striking  change  in  the  metabolic  activity  of  the  JBUclens.    Thl« 
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activity  is  seen  in  the  increased  staining  capacity  of  the  chromatin  thread  and  in 
the  changes  which  take  place  in  the  uucleolus,  hy  which  it  becomes  very  irregular 
in  shape  and  closely  connected  by  threads  to  the  chromatin  network.  In  many 
cases  the  nucleolar  substance  appears  as  if  being  drawn  out  into  the  thread  work, 
and  the  nucleolus  I4>pear8  as  if  some  active  change  were  taking  place  in  it. 

It  is  very  difficult  to  escape  the  conclusion  that  we  are  here  dealing  witii  a 
series  of  changes  in  the  chromatin  thread  which  are  intimately  bound  up  with  the 
activity  of  the  nucleolus,  and  it  is  probable  that  the  increased  stainabUity  of  the 
chromatin  is  due  to  an  actual  transference  of  a  portion  of  the  nucleolar  substance 
into  the  thread. 

We  know  very  little  of  the  causes  which  bring  about  the  rearrangement  of  the 
nuclear  substances  which  lead  to  the  formation  of  the  chromosomes.  The  regu- 
larity of  the  sequence  of  events  in  the  process  seems  to  me  to  preclude  the 
possibility  that  they  are  due  merely  to  changes  set  up  by  the  action  of  reagents. 
It  is  very  probable  that  the  metabolic  activity  of  chromatin  itself,  and  possibly  of 
that  part  of  it  which  is  stored  up  in  the  nucleolus^  plays  a  significant  part  in 
these  phenomena.  Sinapsis,  for  example,  may  be  set  up  by  diffusion  currents 
between  the  nucleus  and  the  surrounding  cytoplasm,  brought  about  possibly  by 
the  secretion  of  nucleolar  or  chromatin  substance,  or  to  interactions  taking  place 
between  it  and  the  cytoplasm. 

Experimental  Observations  on  the  Activities  of  the  Nucleus, 

So  far  as  I  know  no  experimental  investigations  into  the  causes  which  bring 
about  the  changes  in  the  prophases  of  nuclear  division  have  been  uwde,  but  it  js 
not  difficult  to  imitate  artificially  some  of  the  phenomena  observed.  Olive  oil  is 
shaken  up  in  a  mixture  of  methylated  spirit  and  water  of  such  a  strength  as  will 
allow  the  oil  globules  to  float.  A  shallow  petrie  dish,  three  or  four  inches  in 
diameter,  is  then  taken  ;  the  mixture  of  oil  and  dilute  methylated  spirit  is  well  shaken 
until  the  oil  is  broken  up  into  very  fine  globules,  and  the  mixture  is  at  once  poured 
gently  into  it.  The  appearance  of  the  mixture  is  that  of  a  homogeneous  mass  of  . 
small  oil -globules  distributed  through  the  solution,  and  can  be  compared  to  the 
granular  appearance  of  a  nucleus  in  a  resting  stags.  The  spirit  at  once  begins  to 
evaporate,  and  currents  are  at  once  set  up  in  the  solution  in  such  a  way  that  the 
globules  of  oil  gradually  become  restricted  to  certain  areas  only,  and  a  coarse  granular 
network  is  formed  somewhat  like  the  early  stages  in  the  aggregation  of  the  chromatin 
granules  into  a  spireme  in  the  nucleus.  The  network  gradually  becomes  more  and 
more  clearly  defined,  and  then,  just  as  '\%  the  case  in  the  nuclear  network,  it  begins 
to  show  a  double  row  of  granules,  which  finally  becomes  very  clear  and  distinct. 
The  threads  become  shorter  and  thicker  and  break  up  into  irregular  lengths, 
which  gradually  mass  themselves  together  into  an  irregular  heap  or  heaps  of 
fusing  oil-globules  either  in  the  middle  or  at  the  periphery  of  the  petrie  dish. 
We  have,  in  fact,  a  good  imitation  of  the  earlier  stages  in  the  prophases  of  division 
of  the  nucleus,  and  it  seems  not  unlikely  that  the  aggregation  of  oil  globules  in 
our  petrie  dish  may  afford  some  clue  as  to  the  possible  means  by  which  the 
aggregation  is  brought  about  in  the  nucleus. 

I  do  not  suggest  that  the  complex  phenomena  which  take  place  in  nuclear 
division  are  to  m  explained  as  due  simply  to  such  phenomena  as  diffusion,  surface 
tension,  and  the  like,  or  any  other  physico-chemical  processes.  We  must  be  very 
careful  not  to  attempt  to  force  merely  physico-chemical  explanations  upon  such 
phenomena  as  those.  Without  admitting  the  necessity  of  anything  akin  to 
a  special  vital  force,  we  are  compelled  to  admit  that  vital  phenomena  do  not 
at  present  admit  of  a  merely  mecnanical  explanation.  But  it  does  seem  to  me 
possible  that  the  metabolic  activity  of  tlie  nuclear  material  at  this  stage 
may  be  accompanied  by  phenomena  referable  in  part  to  these  agencies.  If,  ^r 
example,  active  metabolic  activities  are  set  up  between  the  nucleus  and  cytoplasm 
through  the  nuclear  membrane,  as  seems  probable,  it  is  quite  conceivable  that  this 
would  bring  about  diffusion  currents  which  might  be  taken  advantage  of  in  pro- 
duciog  the  aggregation  of  the  more  solid  parts  of  the  nuclear  substanoe  into  a  o^ore 
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or  less  detinito  threfid-Uke  structure  and  its  aggregation  into  chromosomes.  In 
any  case  such  possibilities  must  be  takeu  into  account  in  considering  the  dgnifi- 
canoe  of  such  nuclear  rearrangements,  and  if  any  of  them  can  be  definitely 
explained  in  this  way  the  final  solution  of  the  problem  may  be  much  simplified. 

As  Professor  Jennings  points  out,  '  anything  which  promises  a  bridge  from 
the  inorganic  to  the  organic,  from  the  physical  to  the  vital,  demands  attention.' 
Such  experimental  investigations  pave  the  way  for  fiirther  progress,  and,  if 
carefully  considered, '  must  result  finally  either  in  the  discovery  of  the  Teal  factors 
at  work,  or  in  the  recognition  that  we  are  dealing  with  a  new  class  of  fsctors  not 
found  in  physics.' 

Validity  of  Cell  Structure  as  seen  in  Fixed  and  Stained  Preparations, 

Our  knowledge  of  the  minute  details  of  cell  structure  and  nuclear  differentia- 
tion depends  upon  the  appearances  presented  b^  cells  which  have  been  fixed  in 
various  reagents  and  suraequently  stained,  and  it  is  not  an  easy  matter  to  deter- 
mine in  how  far  these  are  artificial  and  in  how  far  they  are  actual  structures  existing 
in  the  living  cell.  The  researches  of  Fischer,  Hardy,  Mann,  and  others  have  shown 
that  on  the  precipitation  of  proteids  by  reagents  structures  are  produced  which 
were  certainly  not  present  ori^nallv,  and  which  resemble  those  often  observed  in 
fixed  cells.  From  a  consideration  of  such  facts  it  has  been  suggested  that  many  of 
the  details  revealed  infixed  cells, such  as  centrosomes  and  oentrospheres,  with  uieir 
fibrillar  radiations,  are  produced  artificially  and  have  no  real  existence.  It  is 
unfortunate  that  so  little  attention  has  been  paid  to  the  examination  of  living  cells, 
for  the  strucfures  which  can  be  seen  in  them  are,  so  far  as  they  can  be  revealed  by 
ihe  microscope,  always  like  those  seen  in  fixed  preparations. 

Differentiation  of  Structure  Visible  in  ihe  Living  Cell, 

The  amount  of  differentiation  visible  in  the  living  cell  in  favourable  objects  is 
very  considerable.  Not  only  can  chloroplastj?,  starch-grains,  nucleus,  leucopliusts, 
pyrenoids,  &c.,  be  clearly  seen,  but  also  a  very  considerable  amount  of  detailed 
structiire.  (Chromosomes  have  been  seen  in  the  living  cell  by  many  observers— 
Treub,  Strasburger,  Behrens,  Zacharias,  and  others.  The  series  of  figures  pub- 
lished by  Strasburger  of  nuclear  division  in  the  staminal  hairs  of  Tradescantia 
show  the  whole  process  of  chromosome  formation  and  separation  into  two  daughter** 
groups,  except  the  longitudinal  division. 

In  the  same  object  Demoor  and  de  Wildeman  have  also  been  able  to  detect 
the  spindle  fibres  and  connecting  fibres.  These  were  not  seen  by  Strasburger;  and 
Zacharias,  who  has  more  recently  made  observations  on  staminal  hairs,  was  also 
not  able  to  detect  them.  Nevertheless  Strasburger  mentions  that  in  some  casea 
connecting  threads  were  visible  at  a  late  stage  in  the  division  between  the  daughter- 
nuclei,  and  Treub  also  describes  a  similar  phenomenon  in  some  cases  during  the 
nuclear  division  in  the  ovules  of  an  orchid. 

In  Spirogyra,  Strasburger  has  given  a  full  account  of  nuclear  division  in  the 
living  cell.  Large  species  of  this  alga  are  very  favourable  objects  for  this  work, 
and  he  has  shown  that  in  such  species  the  spindle  figure  as  wdl  as  the  connecting 
fibres  can  be  seen  in  the  living  cell.  Wildeman  has  also  seen  and  figured  them  ; 
but  Behrens  states  that  spindle  fibres  and  connecting  threads  are  not  viuble  in 
Spirogyra  during  life. 

My  own  observations  upon  a  large  species  of  Spirogyra  which  I  have  had  an 
opportunity  of  investigating  entirely  support  the  view  that  these  structures  are 
visible  in  the  living  condition.  The  resting  nucleus  is  large,  and  contains  a  large 
pale  refringent  nucleolus  (sometimes  also  a  smaller  one)  which  sometimes  appears 
granular ;  the  cavity  of  the  nucleus  is  filled  with  a  homogeneous-looking  substance 
which  appeared  in  some  cases  to  be  finely  punctate  or  granular.  The  nucleus  is 
surrounded  on  all  sides  by  a  granular  cytoplasm  the  granules  of  which  are  in  con- 
stant motion,  especially  just  previous  to  nuclear  division;   it  is  suspended  to 
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thd  cell  i^all  bj  delicate  strands  of  c^toDlasm,  also  full  of  moving  granules.  The 
first  indication  of  division  is  shown  in  the  accumulation  of  cytoplasm  around  the 
nucleus  and  the  gradual  disappearance  of  the  nucleolus ;  at  the  same  time  the 
originally  somewhat  oval  or  spmdle-shaped  nucleus  becomes  rectangular  in  shape 
whilst  the  nucleolus  disappears  entirely.  Shortly  after  this  the  nuclear  plate 
appears  as  a  pale  refringent  structure,  just  like  the  original  nucleolus,  but  of  a 
dinerent  shape.  As  the  nuclear  plate  is  formed  the  homogeneous  substance  in 
the  cavity  of  the  nucleus  presents  a  finely  striated  structure  on  each  side  of  the 
nuclear  plate  and  at  right  angles  to  it  extending  to  both  ends  of  the  nucleus. 
The  nuclear  membrane  becomes  indistinct ;  the  nucleus  elongates  and  an  accumu- 
lation of  granular  cytoplasm  begins  at  its  two  ends  or  poles. 

The  nuclear  plate  then  divides,  and  the  two  halves  begin  to  move  apart ;  the 
accumulation  of  cytoplasm  at  the  poles  becomes  more  prominent  and  appears  to  be 
closely  connected  to  spindle  fibres  attached  to  the  two  halves  of  the  nuclear  plate. 
The  spindle  fibres  gradually  become  shorter,  but  I  could  not  detect  any  appreciable 
thickening  of  them.  The  impression  conveyed  to  my  mind  was  that  the  substance 
of  them  was  being  absorbed  into  the  mass  of  cytoplasm  at  the  poles,  which  was 
now  rapidly  increasing  in  size  and  forming  very  distinct  polar  caps.  Shortly  after 
the  two  halves  of  the  nuclear  plate  had  begun  to  move  towards  the  poles  the  con- 
necting threads  became  visible  between  them,  and  in  the  later  stages  of  division 
became  very  prominent,  less  numerous,  and  thicker,  probably  by  fusion,  but  I 
could  not  be  certain  of  this.  When  the  flat  halves  of  the  nuclear  plate  reach  the 
poles  they  contract  into  somewhat  irregular  oval-shaped  masses,  the  daughter- 
nuclei.  These  become  more  deflnite  in  outline ;  a  nucleolus  appears  in  each,  a 
nuclear  membrane  is  then  formed,  and  the  daughter-nuclei  are  thus  completed. 

This  does  not  of  course  give  us  a  complete  picture  of  all  the  details  visible  in 
fixed  and  stained  specimens,  but  sufficient  to  show  that  the  more  important  features 
of  mitosis  have  a  very  real  existence,  and  are  not  due  to  reagents. 

Tlie  Structure  o^the  Chloroplast, 

In  view  of  its  extreme  importance  in  the  function  of  assimilation  a  knowledge 
of  the  Btructure  of  the  chloroplast  is  important.  Owing  to  its  small  size  a  satis- 
factory demonstration  of  its  finer  structure  is  very  difficult.  That  it  consists  of  a 
colourless  ground  substance,  in  which  the  chlorophyll  ia  embedded,  is  clear;  but  how 
these  two  substances  are  united  and  the  relations  between  them  structurally  are 
not  known.  Pringsheim  concluded  that  the  ground  substance  of  the  chloroplast 
is  a  sponge-like  network  with  the  oil-like  solution  of  chlorophyll  in  its  meshes. 

Schmitz  thought  that  the  fine  granular  appearance  of  tlie  chloroplast  was  due 
to  a  fine  net-like  structure  in  which  the  chlorophyll  was  diffused.  Fromman  aUo 
describes  it  as  a  green  granular  network.  Schwartz,  on  the  other  hand,  describes 
it  as  composed  of  a  ground  substance  containing  a  number  of  green  fibrillo)  side  by 
side,  which  are  coloured  green  throughout,  but  show  also  an  accumulation  of  the 
green  colouring  matter  in  the  form  of  granules  along  these  threads. 

Meyer  thought  it  was  composed  of  a  homogeneous  ground  substance  with 
various-sized  granules  of  the  green  substance  embedded  in  it.  To  these  granules 
he  gave  the  name  of  *  grana.'  Schimper  stated  that  it  was  composed  of  a  colour- 
less stroma  contiuning  numerous  vacuoles  filled  with  the  green  semi-fluid  chloro- 
phyll, identical  with  the  '  grana '  of  Meyer. 

Some  observers  consider  that  the  chloroplast  is  surrounded  by  a  distinct  mem- 
brane ;  whilst  others  consider  that  the  substance  of  the  chloroplast  is  directly 
connected  by  colourless  strands  to  the  cytoplasm. 

According  to  some  observations  which  I  have  recently  made,  the  chloroplast^ 
when  examined  under  high  powers  in  the  living  condition,  appears  to  be  filled 
with  a  mass  of  green  granules  with  a  colourless  substance  between  them.  But 
in  certain  cases  a  distinct  fibrillar  arrangement  of  the  chlorophyll  is  observed. 
This  is  very  easily  seen  in  the  chloroplasts  of  Eufflena,  both  in  the  living  con* 
dition^  and,  more  easily,  when  the  cells  are  burst  and  the  chlorophyll  grains  are 
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extruded  into  the  water.    But  it  may  be  seen  also  in  the  chloroplaats  of  the  biffW 
plants  when  these  aw  large  enough  to  be  examined  easily.    In  these  caaee  tbc 
green  colouring  matter  appears  granular  when  the  chloroplast  u  in  the  eniatnndie 
or  shade  position,  fibrillar  when  it  is  in  the  apostrophe  or  intense  liirht  positioZ 
This  difference  in  the  anpearance  of  the  chlorophyll  accompanies  a  difference  in 
the  shape  of  the  chloroplast.    As  is  well  known,  the  chloroplast  in  the  epiBtronhe 
position  presents  an   oval    or  more  or  less  circular  form ;   in   the  apostro^ 
position  a  flattened  and  lenticular  form.      The  fibrillar  structnie  appears  to 
be  that  of  fine  fibrils  lying  more  or  lees  paraUel,  but  a  closer  examinat^shows 
that  they  are  connected  together  here  and  there  so  as  to  give  the  inmrasflion 
of  an  elongate  network.    In  the  epistrophe  condition  the  chlorophyll  OOTpiuele 
appears  greener  than  in  the   apostrophe  condition.    The  granules  ai«  inftrt 
so   arranged   and   so  numerous  as  to  present  a  practically  continuous  aorface 
of  chlorophyll  to  the  action  of  the  light  rays.    The  fibrillar  ammgement,  on  the 
contrary,  has  numerous  light  spaces  between  the  fibrils,  so  that  less  surface  of 
chlorophyll  is  exposed  to  the  rays  of  light.  The  difference  in  the  amount  of  chloro- 
phyll surface  exposed  to  the  light  appears  therefore  to  be  bound  up  with  the  differ- 
ence in  the  intensity  of  light  which  causes  the  different  positions  of  epistrophe  and 
Apostrophe  to  be  assumed  by  the  chloroplast.     Just  as  in  diffuse  light  the  chloro- 
plasts   themselves  are  more  fully  exposed  to  the  light   than  in  intense  Iiirht, 
so  in   the  individual  chloroplast  we  appear  to  have  such  an  arrangement  of 
the  chlorophyll  that  in  diffuse  light  a  larger  surface  of  it  is  exposed   to   the 
light  rays  than   in  a  more  intense  light.    The  interesting  conclusion  is  there- 
fore  arrived  at,  that  the  chloroplast  is  able,  not  only  by  its  position  but  also  by  its 
structure,  to  guard  iteelf  against  the  effects  of  a  too  intense  light. 

A  careful  examination  of  the  chloroplast  in  the  epistrophe  position  renders  it 
probable  that  the  granular  appearance  is  not  due  to  the  existence  of  separate 
granules  of  chlorophyll.  It  resembles  more  nearly  an  optical  effect,  due  to  the 
superposition  of  alveoli  upon  one  another,  such  as  appears  in  fine  oil-foams.  By 
focussing  carefully  above  and  below  the  granules  we  get  a  distinct  appearance  iu 
of  a  green  alveolar  network.  If  the  chlorophyll  corpuscle  is  extruded  into  water 
it  begins  to  swell  up  and  becomes  vacuolar;  the  granules  disappear  and  the 
chlorophyll  then  appears  to  be  distinctly  diffused  through  the  ground  substance  of 
the  chloroplast.  I  am  therefore  inclined  to  the  view  that  the  cblorophlyl  corpuscle 
consists  of  a  ground  substance  in  the  form  of  a  delicate  alveolate  structure,  in 
which  the  chlorophyll  is  more  or  less  uniformly  diffused.  The  diameter  of  the 
threads  of  this  network  is  greater  in  the  epistrophe  than  in  the  apostrophe 
position,  and  this  affords  a  means  by  which  the  chloroplast  can  accommoJato  itself 
to  varying  intensities  of  light. 

The  chloroplast  must  be  regarded  as  performing  at  least  two  functions.  It 
brings  about  the  dissociation  of  OO.^  and  it  is  a  starch-forming  oigan.  In  the 
algsa  and  some  other  plants  these  two  functions  appear  to  be  differentiated,  and 
starch  is  formed  directly  by  the  pyreuoid.  How  far  these  two  functions  are 
independent  in  the  ordinary  chloroplast  is  not  known ;  but  that  starch  can  be 
formed,  independently  of  chlorophyll,  in  the  leucoplasts  and  in  the  ordinary 
chloroplasts  directly  from  sugar  and  other  organic  solutions  in  the  dark  seems  to 
indicate  that  the  two  are  not  necessarily  connected. 

The  colourless  stroma  of  the  chloroplast  gives  a  distinct  and  pronounced  re- 
action for  phosphorus  when  treated  according  to  Macallum's  method  It  resembles 
therefore,  m  this  respect  the  nuclei n  constituent  of  the  nucleus.  What  the  exact 
significance  of  the  presence  of  phosphorus  in  the  chloroplast  may  be  I  do  not  know 
but  it  is  extremely  interesting  to  find  that  in  an  organ  in  which  a  high  degree  of 
metabolic  activity  is  always  found  a  substance  should  be  present  which  is  akin  to 
the  highly  organised  nuclear  constituents.  It  suggests  an  interesting  compariaon 
with  those  plants  in  which  a  special  starch-forming  organ,  the  pyrenoid,  is  dif- 
ferentiated. For  the  pyrenoid,  as  Macallum  has  shown,  and  I  am  able  to  confirm 
gives  a  strong  reaction  for  phosphorus,  whilst  the  chromatophore  with  which  it 
is  associated  gives  but  a  slight  reaction  for  this  element.  This  seems  to  indicate 
that  the  starch-forming  function  is  bound  up  with  the  presence  of  phosphoms 
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in  the  ckloropk^)  where  it  may  exist  in  a  form  similar  to  that  of  the  nuclear 
material,  diromatin.  If  we  connect  this  with  the  fact  that  in  many  cells  in 
which  lai^  quantities  of  reserves  are  stored  up  there  is,  previous  to  their  forma- 
tion, a  migration  of  nuclear  substance  into  the  cytoplasm,  the  hypothesis  is  at 
once  suggested  that  the  pyrenoids  and  chloroplasts  may  not  be  merely  cyto- 
plasmic (Sflerentiations,  but  that  in  their  original  formation  phylogenetically  the 
nudear  subrtance  may  have  had  a  share. 


The  Centrosomes  and  Cenlrospheres. 

A  vast  literature  has  grown  u^  in  connection  with  the  structure  and  function 
of  these  bodies  because  of  the  special  importance  which  has  been  attached  to  them 
as  the  originators  of  the  process  of  nuclear  division  and  of  the  formation  of  the 
spindle,  and  because  of  the  important  part  wliich  it  is  assumed  they  play  in  the 
pnenomena  of  fertilisation. 

Their  very  general  occurrence  in  animal  cells  and  their  prominence  in  the 
reproductive  processes  led  plant  cytologiste  to  predict  that  they  would  be  found 
to  occur  also  in  plant  cells.  But  their  prediction  has  not  been  fulfilled.  They 
are  frequently  found  among  the  Thullophy tea  and  Bryophytes,  but  in  the  higher 
plants  tne  evidence  is  steadily  accumulating  against  them,  and  such  structures  as 
have  been  described  by  Guignard  and  others  are  held  to  be  based  upon  a  mis- 
interpretation of  the  facts  observed. 

Where  the  centrosome  exists  it  consists  of  a  deeply  stained  granule  or  group  of 
gruiules  surrounded  by  radiating  fibres.  In  some  cases,  as  in  the  Basidiomycetes, 
the  oentroeomee  only  become  definitelv  visible  as  minute  dots  at  the  poles  of  the 
spindle,  and  are  not  visible  until  this  is  completely  or  nearly  completely  formed. 
In  other  cases,  as  in  Dictyota  (Mottier),  Aseomyoetes  (Harper),  the  centro- 
somes  with  their  radiations  are  'clearly  visible  at  two  opposite  sides  of  the 
nucleus  in  the  resting  stage,  and  are  in  close  contact  with  the  nuclear  membrane. 
In  the  Ascus,  Harper  has  shown  that  the  centrosome  is  in  dose  contact,  not  only 
with  the  nuclear  membrane,  but  also  with  the  chromatin  net,  and  it  seems  probable ' 
that  there  may  be  a  connection  between  them.  The  spindle  fibres  are  formed  both 
in  Dictyota  and  in  the  Ascus  in  the  nuclear  cavity  before  the  nuclear  wall  breaks 
down.  In  the  division  of  the  daughter-nuclei  the  centrosome  which  is  carried 
over  with  each  daughter-nucleus  appears  to  divide — but  this  is  not  certain — to 
give  two  new  oentrosomes  for  the  formation  of  the  new  spindle  figure. 

Prom  some  unpublished  observations  of  my  own  on  Polyf^offus  the  centro- 
somes  appear  at  the  poles  of  the  nucleus  in  the  same  position  as  in  the  nudei  of 
the  Ascus,  and  give  rise  to  intranuclear  spindles;  but  I  have  not  so  far  been 
able  to  detect  that  they  are  continued  from  one  division  to  another.  They  seem 
to  disappear  at  each  division  stage  and  to  be  formed  anew  by  a  condensation  of 
stainable  substance  in  contact  with  the  nuclear  membrane,  as  the  mitotic  stage 
again  approaches. 

In  some  plants  instead  of  a  clearly  defined  deeply  stained  controsome  there  are 
found  at  the  poles  of  the  spindle  larger  and  more  difi'used  cytoplasmic  condensa- 
tion called  centrospheres.  It  is  not  probable  that  these  represent  structures 
morphologically  different  from  centrosomes.  They  are  probably  of  the  same 
nature  and  perform  the  same  functions. 

The  centrosome  and  astrosphere  are  concerned  in  some  way  in  the  production 
of  the  spindle  figure.  Whether  they  must  be  regarded  as  the  originators  of  the 
spindle,  or  whether  they  are  merely  the  result  of  the  condensation  of  forces  at 
work  in  the  cell,  is  a  question  which  at  present  is  not  decided.  That  they  are 
not  essential  to  the  production  of  the  spinale  figure  is  proved  by  the  fact  that  they 
do  not  exist  in  the  higher  plants.  In  these  cases  the  spindle  formation  is  asso- 
ciated with  the  accumulation  of  cytoplasm  in  the  form  of  cytoplasmic  caps  at  the 
poles  of  the  nudeus^  from  which  the  spindle  fibres  penetrate  the  nuclear 
cavity ;  or)  especially  in  the  spore  mother  cells,  from  a  weft  of  fibres  which 
accumulates  around  the  nudeua.    These  fil^es  become  grouped  together  to  form  a 
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multipolar  BpindlO)  and  these  gradually  approach  uutil  the  spindle  is  approximatelj 
bipolar. 

The  differentiation  of  the  spindle  figure  appears  to  be  entirely  for  the  pur- 
pose of  bringing  about  the  sepai'ation  of  the  split  halves  of  the  chromosomes.  As 
to  the  exacc  mode  in  which  the  spindle  is  formed,  or  the  forces  which  bring  it 
about,  and  the  nature  of  the  spindle  itself,  these  are  problems  which  as  yet  remain 
unanswered.' 

Experiments  an  tJie  Production  of  Artificial  Asters, 

There  are  two  main  views  as  to  the  nature  of  the  spindle  and  astral  fibres : 
(1)  that  they  represent  a  definite  morphological  differentiation  of  the  cytoplasm 
which  possesses  in  itself  the  power  of  forming  these  fibres ;  (2)  that  they  are 
formed  out  of  the  cytoplasm  by  some  modification  of  its  structure  or  arrangement 
of  its  parts,  or  by  the  precipitation  or  condensation  of  some  of  its  constituents. 

The  aggregation  of  granules  into  radiating  fibrils  can  be  imitated  artificially  b^ 
allowing  a  drop  of  alcohol*  or  turpentine  to  fall  upon  smoked  glass.  If  the  drop  is 
allowed  to  fall  from  a  ffood  height,  we  get  the  artificial  centrosomes  with  radiations 
first  described  by  Henking ;  these  are  due  mainly  to  the  splash  of  the  drop  and 
its  breaking-up  into  small  particles  which  radiate  outwards,  carrying  portions  of 
the  smoke  film  with  them.  If  the  drop  is  allowed  to  fall  more  gently,  so  that  it 
does  not  splash,  its  first  effect  is  to  produce  a  clearly  circumscribed  circulor  ring, 
and  then,  by  slowly  spreading  outwards,  to  produce  an  aggregation  of  the  smoke 
particles  into  fibrils  which  more  nearly  represent  the  appearances  produced  in 
cytoplasm  than  do  Henking's  splashes. 

By  careful  manipulation  we  can  get  in  this  way  representations  of  the  centre* 
some  or  centrosphere,  or  even  the  radiations  around  the  nucleus.  If  the  edge  of 
the  alcohol  or  turpentine  be  carefully  examined  under  the  microscope  as  it  is 
slowly  spreading  outwards,  a  violent  motion  of  the  smoke  particles  will  be 
observed  as  soon  as  the  liquid  comes  into  contact  with  them,  and  as  the  liquid 
passes  on  these  particles  settle  down  into  definite  continuous  fibrils,  which  go  on 
growing  as  the  liquid  continues  to  spread.  Although  I  do  not  wish  to  push  the 
analogy  too  far,  it  seems  to  me  that  m  the  same  way  the  excretion  of  a  liquid  from 
the  nucleus  or  centrosome  into  the  cytoplasm  may  set  up  surface-tension  pheno- 
mena of  a  complex  character  which  would  lead  to  the  a^regation  of  the  granular 
cytoplasm  into  radiating  fibrillee,  or  to  the  precipitation  or  coagulation  of  the 
proteid  substances  with  a  subsequent  fibrillar  aggregation.  In  any  case  the 
possibility  that  it  is  due  to  some  physico-chemical  changes  brought  about  by  the 
active  metabolism  of  the  nucleus  or  cytoplasm  is  not  excluded,  and  it  is  much  to 
be  desired  that  this  field  of  experimental  investigation  should  be  more  fully 
explored. 

Fischer  has  described  the  formation  of  artificial  asters  by  two  methods:  (1)  If 
pith  is  injected  with  proteid  and  then  fixed,  asters  are  found  around  small 
particles  of  foreign  matter  in  the  proteid.  (2)  If  a  small  granule  of  corrosive 
sublimate  or  a  drop  of  osmic  acid  be  brought  into  a  proteid  solution  radiating 
strise  are  formed  in  it  by  precipitation.  He  suggests  that  the  centro§ome  is  formed 
by  the  precipitation  of  albuminous  substances  in  living  cells  by  the  excretion 
of  nucleic  acid  from  the  nucleus,  and  that,  as  in  (1),  artificial  radiations  are 
formed  around  it  by  the  action  of  the  fixing  reagents ;  or  possibly  bv  the  fixative 
action  of  the  nucleic  acid  itself.  Or  the  centrosome  itself  may  produce  them,  as 
in  (2),  by  acting  as  the  precipitating  agent,  just  as  corrosive  sublimate  or  osmic  acid. 
Mr.  Jenkinson  has  recently  descril^  some  interesting  experiments  on  the  artificial 
production  of  asters,  and  comes  to  the  conclusion  that  osmotic  pressure  and 
surface  tension  are  probably  concerned  in  the  formation  of  these  structures  in  the 
living  cell.  The  centrosome  may  be  a  body  capable  of  withdrawing  water  from. 
the  cytoplasm,  of  swelling  up  and  dissolving  in  the  water  so  absorbed,  and  then 
giving  off  radial  outgrowths  which  precipitate  the  proteids  of  the  cell,  .and  so  form 
astral  rays ;  or  the  centrosome  may  undergo  decomposition,  or  may  secrete  wk 
ferment  which  would  have  the  same  effect  upon  the  cytoplasm. 
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The  Blepharoplaat 

The  blepharoplast  is  a  special  organ  associated  with  the  formation  of  the  cilia 
m  motile  spermatozoids  and  zoospores.  It  consists  of  a  centrosome-like  granule, 
often  surrounded  by  radiations.  It  appears  inside  the  cell  in  close  relation  to  the 
nucleus,  or  sometimes  at  the  periphery  of  the  cell.  In  Polytoma  the  two  cilia 
thus  arise  from  a  granule  (blepharopUst)  at  the  extremity  of  the  cell.  In  ^Edo* 
ffonium  the  blepharoplast  arises,  acoordinfj^  to  Strasburger,  in  the  plasma  memr 
brane.  Strasburger  considers  them  as  kmoplasmic  in  nature,  and  thus  brings 
them  into  relation  with  his  other  kinoplasmic  structures,  the  oentrosome  and 
spindle. 

In  Zamia  the  blepharoplasts  appear  in  each  sperm  cell  on  opposites  sides  of  the 
nucleus  and  at  some  distance  nom  it  They  are  large,  well-marked,  deeply 
stained  bodies,  with  distinct  radiations,  and  might  eauly  be  regarded  as  centro" 
somes.  They  break  up  into  granules,  which  come  into  contact  with  the  nucleus, 
and  gradually  arrange  themselves  as  a  spiral  band  at  the  periphery  of  the  cell  from 
which  the  cilia  arise.  Similar  phenomena  are  observable  in  Gycas  and  Gingko. 
Our  knowledge  of  these  is  \m^\j  due  to  the  researches  of  Webber,  Ikeno,  aud 
Hirase.  In  the  Filicinee,  EquisetaoefiB,  and  Hepatices,  according  to  the  researches 
of  BelajefT,  Shaw,  Ikeno,  and  Strasburger,  we  have  similar  results. 

Some  authors  consider  that  the  blepharoplast  is  a  true  centrosome,  or 
homologous  with  a  centrosome.  It  has  not,  however,  been  conclusively  shown 
that  it  at  any  period  in  its  historjr  performs  the  function  of  a  centrosome,  or  that 
it  is  derived  from  one.  Further,  in  many  of  these  plants,  if  not  all,  there  are  no 
centrosomes  at  any  stage  in  their  life  history. 

On  the  whole  the  evidence  is  distinctly  against  the  view  that  the  blepharoplast 
is  genetically  connected  with  the  centrosome.  It  is  more  in  accordance  with  the 
present  state  of  our  knowledge  to  consider  the  blepharoplasts  bA  special  structures 
which  arise  de  novo  in  the  cell  for  the  special  function  of  cilia  formation. 

The  CcenocerUrum  and  its  Function. 

In  the  oogonta  of  some  fungi  there  appears  at  an  early  stage  in  the  develop- 
ment of  the  oosphere  a  dense  granular,  deeply  stainable  substance,  the  function  of 
which  is  unknown.  It  appears  in  the  centre  of  the  cell,  and  was  first  discovered 
in  the  oosphere  of  Cystopm  {Albuffo)  Candida.  It  is  probably  formed  by  an 
accumulation  of  stainable  granules  or  microsomes.  It  disappears  soon  after 
fertilisation  takes  place,  and  is  therefore  not  a  permanent  oigan  of  the  cell. 
Shortly  after  its  appearance  one  of  the  nuclei  out  oi  the  large  number  irregularly 
scattered  through  toe  oogonium  comes  into  contact  with  it,  and  gradually  becomes 
more  or  less  embedded  in  it.  All  the  other  nuclei  pass  to  the  periplasm,  leaving 
this  single  nucleus  as  the  nucleus  of  the  ovum.  Tne  fertilising  tuoe  which  con- 
tains the  male  nucleus  also  grows  towards  it,  and  comes  close  to  it  to  discharge 
the  nude  nucleus  upon  it.  This  indicates  that  it  may  exert  in  some  way  or  other 
an  attraction,  first  upon  the  female  nucleus,  and  secondly  upon  the  fertilising  tube, 
thus  helping  to  bring  the  sexual  nuclei  together.  Stevens  suggests  that  it  may  be 
of  the  nature  of  a  dynamic  centre,  and  he  gave  it  the  name  comocentrum.  It 
may  be  nutritive  in  function,  and  may  exert  a  chemotactic  stimulus  upon  the 
sexual  nuclei. 

It  does  not  appear  to  be  actually  concerned  in  the  fusion  of  the  sexual  nuclei. 
In  Perowmpora  parasitica,  for  example,  it  completely  disappears  before  the  fusion 
of  the  nuclei  takes  place.  So  far  all  the  views  as  to  its  function  are  purely 
hypothetical.  It  may  be  a  mere  coincidence  that  it  should  become  associated 
with  the  sexual  nuclei  at  the  time  they  come  together  in  the  oosphere.  Its 
function  may  be  totally  unconnected  with  these.  From  the  fact  that  it  stains  so 
deeply  in  nuclear  stains,  the  substance  of  which  it  is  composed  may  be  of  the 
nature  of  nuclein,  and  it  is  possible  that  it  may  be  due  to  a  substance  secreted  by 
the  nuclei  of  the  oogonium  for  some  special  purpose  connected  with  the  maturation 
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of  the  oospore.  It  is  possible  tbat  it  may  baTe  something  to  do  with  the  forma- 
tion of  oil,  which  appears  in  such  abundance  in  the  ripe  oospores.  It  begins  to 
disappear  just  at  the  time  the  oil  begins  to  form.  The  oil  at  this  stage  is  only 
present  in  small  drops,  but  soon  after  its  disappearance  a  large  quantity  of  oil 
appears.  It  is  well  known  that  fats,  as  well  as  other  non-nitrogenous  bodies,  may 
appear  as  decomposition  products  of  proteids.  There  is  nothing,  therefore,  to 
preclude  the  possibility  of  the  ccenocentrum  being  associated  with  the  formation 
of  the  fatty  substances  of  the  oospore.  Some  phenomena  which  haye  been 
observed  by  me  in  the  maturation  of  the  zygote  of  Polyphagus  support  this  view. 
After  fertilisation  has  taken  place  the  two  nuclei,  although  they  come  into  dose 
contact,  do  not  fuse,  but  separate  to  opposite  sides  of  the  cell.  They  are  large 
and  prominent  at  this  stage,  but  thtoy  gradually  become  smaller,  and  a  part  of  the 
nucleolar,  or,  as  it  is  in  this  case,  the  chromatin  contents,  become  extruded  into 
the  cytoplasm  to  form  a  granular  mass  around  each  nucleus.  The  two  nuclei 
then  approach  again,  and  the  two  masses  of  nucleolar  chromatin  become  united  in 
the  centre  of  the  cell  to  form  a  large  spherical  mass  of  deeply  staining  granules, 
with  the  two  nuclei,  which  are  now  very  small,  embedded  in  it.  It  is  probable 
that  this  body  is  of  the  same  nature  as  the  cosnocentrum.  It  stains  deeply  in 
hematoxylin,  and  it  also  gives  a  strong  reaction  for  phosphorus,  which  indicates 
its  nuclear  origin.  It  soon  begins  to  disappear,  and  in  place  of  it  we  find  an 
irregular  globular  mass  of  oil  or  oil  globules. 

From  a  consideration  of  these  facts  it  seems  to  me  &r  more  likely  that  the 
ftmction  of  the  coenoeentrum  is  connected  with  those  metabolic  activities  of  the 
zygote,  which  must  at  this  stage  in  its  development  be  very  considerable,  than 
with  the  exertion  of  an  attractive  influence  upon  the  sexual  nuclei.  It  is  difficult 
to  see  how  such  a  selective  chemotactic  stimulus  could  be  exerted  as  to  act  upon 
one  nucleus  only  out  of  the  large  number  in  the  oogonium.  But  the  evidence 
before  us  does  not  admit  of  any  definite  solution  of  the  problem  at  present.  The 
subject  demands  Airther  investigation  of  such  a  kind  that  a  comparative  study  of 
the  formation  and  disappearance  of  the  coenocentrum,  the  formation  of  the  oil 
reserves,  and  the  changes  in  the  nuelei,  should  be  carried  on  aide  by  side. 

The  Nuclei  of  the  Lower  Plants. 

The  presence  of  nuclei  in  the  algse  and  fungi  had  already  been  recorded  by 
Nageli  and  many  other  observers  shortly  after  the  discovery  of  the  nucleus  by . 
Robert  Brown,  but  it  is  doubtful  whether  all  the  structures  described  as  nuclei 
by  these  early  observers  were  really  so.  It  is  only  in  comparatively  recent  times 
that  it  has  been  possible  to  determine  with  any  degree  of  certainty  tbat  the  minute 
deeply  stainable  bodies  described  more  especially  by  Schmitz  (1879)  could  be 
regarded  as  nuclei.  This  determination  was  easily  made  for  many  of  the  alg», 
especially  by  the  researches  of  Strasbur^r,  who  described  both  the  structure  and 
mode  of  division.  But  among  the  fungi  the  structure  and  mode  of  division  of 
the  nuclei  were  practically  unknown  twenty  years  a^o,  and  we  have  the  opinion 
expressed  by  De  Bary  in  1887  that  the  satisfactory  discrimination  of  true  nuclei 
from  other  small  bodies  contained  in  the  protoplasm  can  only  be  obtained  after 
renewed  investigation. 

Previous  to  1887  cases  of  karyokinetic  division  in  fungi  had  been  described  by 
Sadebeck  (1883),  Strasburger  (1884),  Fisch  (1886),  and  Eidam  (1887).  Hartog 
(1889)  described  a  process  akin  to  kai^okinesis  in  the  SaprolegniesB,  and  at  the  end  of 
that  year  a  true  process  of  karyokinesis  was  shown  to  occur  in  Peronospora.  Since 
that  time  our  Imowledge  of  the  process  of  nuclear  division  in  the  fungi  has  been 
largely  extended,  and  the  phenomenon  has  now  been  found  to  be  of  general 
occurrence  in  the  group,  and  many  of  tbe  forms  are  unusually  favourable  objects 
for  the  study  of  the  process. 

The  only  groups  of  plants  in  which  true  nuclei  have  not  been  found  are,  so 
far  as  I  know,  the  bacteria,  Cyanophycese,  and  the  yeast  fungi.  In  the  yeast 
plant  there  is  a  large  homogeneous  spherical  bodv  which  gives  the  reactions  of 
ehromatiii  Maiilar  to  the  chromatin  of  true  nuclei.    With  this  is  associated  a 
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prominent  vacuole  which  containB  a  more  or  less  amorphous  substance  of  a 
chromatin  nature.  The  two  anpear  to  be  very  closely  related  and  undergo  division 
simultaneously.  From  a  stuay  of  the  reactions  of  these  two  structures  and 
their  behaviour  during  division  and  in  the  formation  of  spores  I  suggested  some 
years  ago  that  the  two  together  represent  the  nucleus  of  the  higher  plants,  and 
therefore  might  be  regarded  as  the  nuclear  apparatus.  Guilliermond  shortly 
afterwards  in  an  exhaustive  memoir  tried  to  show  that  the  homogeneous  body 
described  by  me  was  a  true  nucleus  with  a  normal  nuclear  structure,  and  that 
the  nuclear  vacuole,  as  I  called  it,  must  be  simply  an  ordinary  vacuole  containing, 
however,  a  deeply  stainable  substance  which  he  t^lls  meta-chromatin.  It  is  true 
that  in  most  cases  observed  by  him  the  nuclear  body  was  perfectly  homogeneous, 
but  he  accounted  for  this  by  stating  that  the  fixing  and  staining  had  beeu 
imperfect.  I  have  recently  investigated  a  large  number  of  different  varieties 
of  yeast  with  the  result  that  my  views  as  to  the  structure  of  the  nuclear  apparatus 
have  been  confirmed  and  the  importance  of  the  nuclear  vacuole  emphasised.  In 
one  case  of  a  yeast  which  bad  been  placed  for  some  time  in  a  sugar  solution  I 
discovered  a  structure  in  the  nuclear  body  of  the  nature  of  a  vacuolation  which 
mi^ht  be  easily  mistaken  at  a  superficial  glance  as  a  normal  nuclear  structure. 
This  structure  or  vacuolation,  however,  is  closely  connected  no  doubt  with  modifi- 
cations in  the  activity  of  the  cell  due  to  a  different  nutrition,  and  may  be  con- 
cerned with  the  changes  leading  to  spore  formation  in  which,  as  I  previously 
showed,  the  nuclear  apparatus  becomes  modified,  the  vacuole  disappearing  and 
the  nuclear  body  becoming  more  granular.  I  have,  in  fact,  been  able  to  obtain  a 
complete  series  of  stages  flhowing  the  progressive  modifications  in  the  nuclear  body 
leading  to  this  condition,  and  am  pretty  clear  that  it  is  due  to  a  process  of 
vacuolation  in  the  homogeneous  body.  I  cannot  agree  with  Guilliermond,  there- 
fore, in  his  interpretation  of  these  structures,  although  I  do  not  doubt  that  the 
nuclear  vacuole  is  nutritive  in  function,  and  I  do  not  object  to  his  view  that  its 
contents  are  to  be  described  as  meta-chromatin.  I  am  nt  the  same  time  disposed 
to  think  that  the  homogeneous  granule,  which  I  have  called  the  nuclear  i>ody, 
may  be  the  actual  representative  of  the  nucleus,  the  vacuole  being  looked  upon 
as  merely  serving  a  nutritive  function  for  the  nucleus.  In  that  case  we  have  a 
very  simple  nucleus  indeed,  but  one  which  is  of  importance  in  helping  us  to 
arrive  at  conclusions  concerning  the  nature  of  the  nucleus  in  the  bacteria  and 
CyanophyoeaB. 

The  Cell  Structure  of  tlie  Cyanophycece, 

It  is  easy  to  demonstrate  in  the  living  cell  of  the  Cyanophyceae  that  the  contents 
are  difierentiated  into  two  distinct  regions:  (1)  an  outer  layer  containing  the 
colouring  matter ;  and  (2)  a  central  colourless  portion  which  is  known  as  the 
central  body.  The  central  body  is  considered  by  many  investigators  to  be  a  true 
nucleus.  It  contains  a  deeply  staining  granular  substance  which  to  some  extrcnt 
resists  the  action  of  digestive  fluids,  and  is  therefore  similar  to  the  chromatin  in 
the  nuclei  of  the  higher  plants.  In  1887  Scott  was  able  to  demonstrate  a  reticulate 
structure  in  this  body,  and  also  saw  some  indications  during  its  division  of  a 
process  akin  to  karyokinesis.  Zacharias  also  in  the  same  year,  largely  on  micro- 
chemical  grounds,  concluded  that  it  was  a  nucleus.  The  problem  has  been  the 
subject  of  investigation  by  numerous  observers  since  that  date  with  very  varying 
results.  These  results  may  be  shortly  summarised  as  follows :  The  central  body 
is  not  a  nucleus  (Macallum,  Fischer,  Massart,  Chodat).  It  is  a  nucleus  of  a  simple 
or  rudimentary  type  (Hieronymus,  Nadson,  Butschli).  It  is  a  true  nucleus  similar 
to  that  found  in  tne  higher  plants,  and  forms  both  chromosomes  and  spindle  (Hegler, 
Kohl,  Olive,  Phillips). 

The  facts  of  the  stmcture  of  this  body,  so  far  as  I  have  been  able  to  ascertain 
them  by  the  examination  of  the  cell  both  in  the  living  and  fixed  conditions,  are 
that  it  possesses  a  vacuolate  structure,  associated  with  granules  which  stain  deeply 
in  nuclear  stains,  resist  the  action  of  digestive  fluids,  give  a  strong  reaction  for 
phosphorm  and  masked  iron,  and,  farther,  according  to  the  fecent  researches  of 
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Macallum,  do  not  contain  potassium.  These  qualities  are  characteristic  of  nucleuii 
and  there  can  be,  I  think,  no  reasonable  doubt  that  these  granules  are  comparable 
to  the  chromatin  of  a  true  nucleus. 

In  favourable  objects  it  can  be  seen  that  these  chromatin  granules  are  aaso^ 
ciated  in  rows,  and  are  sometimes  so  close  together  as  to  give  the  impression  of 
granular  threads,  united  in  such  a  way  as  to  form  a  granular  network. 

During  the  division  of  the  cell  the  central  body  becomes  elongated,  and  XhiB 
granular  network  in  consequence  becomes  pulled  out  in  such  a  way  as  to  give  the 
appearance  of  a  number  of  threads  lying  side  by  side,  and,  as  Olive  has  justly 
pointed  out,  this  gives  the  impression  in  deeply  stained  cells  of  a  number  of 
separate  chromosomes  lying  side  b;^  side.  It  does,  in  fact,  resemble,  at  a  super- 
ficial glance,  a  stage  in  the  karyokinetic  dividon  of  a  nucleus.  Careful  examina- 
tion, however,  reveals  the  original  reticulate  structure,  and  the  subsequent  stages 
of  division  show  that  this  central  body  divides  by  constriction  only,  and  presents 
none  of  the  characteristics  of  a  true  mitosis ;  and,  contrary  to  the  views  of  Kohl  and 
Olive,  nothing  in  the  nature  of  a  true  spindle  figure  is  formed. 

In  addition  to  the  true  chromatin  granules  there  are  present  at  the  periphery 
of  the  central  body,  and  in  close  contact,  therefore,  with  the  chlorophyll- containing 
portion  of  the  cell,  other  granules  of  a  different,  more  refractive  appearance,  the 
true  nature  of  which  is  not  known.  These  are  the  red  granules  of  Butschli ;  and 
from  the  fact  that  they  give  similar  reactions  towards  reagents  as  the  chromatin 
w^ere  regarded  by  him  as  the  true  chromatin  granules.  Their  true  function  is 
unknown,  and  they  do  not  occur  in  all  cells  even  of  the  same  filament. 

There  can  be  no  doubt  that  the  interpretation  of  the  structures  we  are  here 
dealing  with  is  very  difficult,  but  I  do  not  understand  how  the  conclusions  reached 
by  Fischer  in  his  most  recent  paper,  Die  Zelle  der  Oyanophyceae,  '  Bot.  Zeit/ 
1905,  can  have  been  arrived  at.  if  I  interpret  his  conclusions  correctly,  he  con- 
siders that  the  chromosome-like  granules  in  the  central  body  of  Oscillariaprifioeps 
and  O.  lim^a  are  composed  of  glycogen.  In  most  other  species  glycogen  is  onJj 
found  in  the  chromatophore,  but  the  glycogen  may  pass  from  the  chromatophore 
into  the  central  body  and  become  changed  into  another  carbohydrate,  which  he 
calls  '  anabaenin.'  This  substance  arranges  itself  either  in  the  form  of  granules  or 
of  pseudo-mitotic  skeins  and  similar  masses.  The  nuclear-like  figures  which  have 
been  described  by  various  observers  are  composed  of  anabosnin,  and  this  substance 
in  cell  division  undergoes  a  pseudo-mitotic  division  or  '  carbohydrate  mitosis.* 

It  is,  perhaps,  a  sufficient  criticism  of  these  conclusions  to  point  out  that  the 
micro-chemical  characteristics  of  these  central  granules  are  certainly  not  those  of 
carbohydrates. 

From  a  consideration  of  the  facts  we  at  present  know  concerning  the  central 
body  we  cannot,  I  think,  escape  the  conclusion  that  it  is  of  the  nature  of  a  nucleus, 
but  one  of  a  simple  or  rudimentary  type.  It  is  not  sharply  delimited  from  the 
surrounding  cytoplasm,  although  it  sometimes  appears  as  a  vacuolar  cavity  in  the 
centre  of  the  cell,  with  a  vacuolar  membrane  around  it.  It  seems  to  me  that  we 
might  very  well  regard  it  simply  as  a  specialised  region  of  the  cytoplasm  which 
possesses  a  pronounced  vacuolation  associated  with  granules  of  chromatin  or  with 
a  chromatin  network. 

The  Function  of  the  Nucleus  qftJie  Cyanaphyceae, 

The  nucleus  of  the  Oyanophycese  is  very  large,  much  larger  proportionally  than 
the  nuclei  of  the  higher  algee.  It  gives  also  a  proportionally  stronger  reaction  for 
phosphorus.  Some  observers  have  considered  the  large  size  and  prominence  of  the 
central  body  as  an  argument  against  its  nuclear  nature.  In  the  algse  the  nuclei 
are  much  smaller  in  proportion  to  the  cell,  and  in  many  forms  are  very  difficult  to 
make  out.  On  the  other  hand  the  pyrenoids  which  are  present  in  the  cells  of 
algffi  stain  more  deeply  in  the  nuclear  stains,  and  give  a  much  stron^j^er  reaction 
for  phosphorus  than  the  nuclei.  In  Pramola  parietina  the  pyrenoid  is  in  the 
centre  of  the  cell,  and  both  in  the  living  condition  and  in  stained  preparations  ii 
^much  more  prominent  than  the  slightly  stained  nadeua  on  one  side  of  it.    So,  also, 
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Id  Zjgbt^ma  iliere  are  two  otar-ehaped  chromatophores,  each  with  a  large  pyrenoid 
in  the  middle^  and  between  them  a  small  very  inconspicuous  nucleus. 

In  the  Cyanophjceie  we  are  struclc  at  once  with  the  extraordinary  prominence 
of  the  central  boay  and  the  complete  absence  of  pyrenoids.  It  seems  to  me  that 
possibly  this  may  be  correlated  with  the  presence  of  the  assimilative  colouring 
matters  in  the  cell,  and  that  in  the  absence  of  a  differentiated  pyrenoid  the 
central  body  combines  both  the  nuclear  and  the  >pjrenoid  function.  It  is  a 
perfectly  well-known  fact  that  the  pyrenoid  exhibits  many  of  the  characteristics 
of  nuclein.  It  is  not  impossible,  therefore,  that  it  may  be  a  derivative  of  the 
nucleus  or  of  a  body  which  may  have  been  the  precursor  of  the  nucleus  in  the  cells 
of  primitive  plants.  There  are  many  facts  which  indicate  that  the  Oyanophvceee 
18  not  only  a  well-marked  group,  but  one  which  is  very  rudimentary  and  possibly  a 
very  ancient  group.  It  is,  therefore,  just  in  such  a  group  that  we  should  expect 
to  tind  a  less  highly  differentiated  protoplast  than  we  have  in  the  alga;.  We  know 
that  this  is  .so  as  regards  the  chlorophyll-containing  part  of  the  cell,  in  that  it  contains 
no  clearly  differentiated  chloroplast,  and  it  may  be  that  the  central  body  itself  is  an 
undifferentiated  region  of  the  cell  which  includes  both  the  function  of  a  pyrenoid 
as  well  as  that  of  a  nucleus.  This  would  explain  its  large  size  and  chromatin 
characteristics,  and  also  the  absence  of  a  differentiated  pyrenoid  and  true  nucleus 
such  as  we  have  in  the  higher  algro.  It  is  true  that  there  is  no  pyrenoid  in  those 
cells  of  the  higher  plants  which  contain  chlorophyll,  whilst  the  nucleus  remains 
small  proportionally  to  the  size  of  the  cell.  In  theee  p1anti>,  howev3r,  the 
chlorophyll  corpuscles  themselves  give  the  phoj^phorus  reaction. 

The  hypothesis  here  put  forward  receiver  considerable  support  if  we  compare  the 
cells  of  the  Oyanophyce«B  with  those  of  various  bacteria.  In  colourless  forms,  such 
as  Beijijxaioa  ri/6a,  various  Spirilla,  Bacilli,  &c.,  we  find  very  few  chromatin  granules ; 
but  in  the  coloured  forms,  m  which  there  is  a  process  of  assimilation  comparable 
probably  to  that  in  chlorophyll-containing  cells,  we  find,  as  both  Butschli  and  Fischer 
nave  shown,  that  the  chromatin  granules  are  much  more  abundant.  They  are  not 
in  the  form  of  a  definite  central  body,  but  they  occur  more  abundantly  in  the  centre 
of  the  cell  than  at  the  periphery. 

My  view,  then,  is  that  tne  large  size  of  the  central  bod^  in  the  Gyanophvceto  may 
be  connected  with  the  development  of  the  chlorophyll  assimilation  ;  that  it  may  be 
held  to  function  both  as  a  pyrenoid  as  well  as  a  nucleus,  and  that  this  receives  sup- 
port from  what  is  observed  in  the  coloured  bacteria,  in  which  the  cytoplasm  contains 
a  more  abundant  supply  of  chromatin  granules  than  do  the  colourless  bacteria. 

Struciiire  of  the  BaoierM  Cell. 

Owing  to  the  small  size  of  the  bacterial  cells  it  is  very  difHcult  to  arrive  at  a 
correct  interpretation  of  the  structures  observed.  The  examination  of  the  larger 
forms,  such  as  the  various  species  of  Bey  (/tat  oa,  Chromatiunif  Bacillus  ant/tracis, 
Bacillus  subtilis,  &c.,  have,  however,  revealed  a  certain  differentiation,  which 
enables  us  to  come  to  some  conclusions  as  to  their  actual  structure.  Ernst  has 
shown  that  the  contents  of  thess  cells  are  not  homogeneous,  as  was  formerly 
thought  to  be  the  case,  but  show  a  differentiation  into  a  less  stainable  substance, 
and  embedded  in  it  one  or  more  deeply  stained  granules. 

Butschli  has  shown  that  the  central  portion  of  the  contents  of  the  cell  exhibit 
a  foam  structure  in  which  granules  of  a  chromatin  nature  are  embedded :  this  is 
surrounded  by  a  thin  layer  of  a  less  deeply  stained  substance,  which  sometimes 
accumulates  more  prominently  at  the  ends  of  the  cell.  The  central,  more  deeply 
stained,  froth-like  structure  with  its  granules  is  the  nucleus ;  the  delicate  peri- 
pheral layer  is  the  cytoplasm.  From  a  recent  examination  which  I  have  maae  of 
Beggiatoa  alba,  Beggiatoa  roseo-persicina,  Bacillus  subtiliSf  and  other  smaller 
species,  I  cannot  agree  with  Butschli  that  there  is  a  differentiation  into  a  central 
body  or  nucleus,  and  peripheral  cytoplasm.  In  the  various  species  of  Beggiatoa 
and  Spirilla  which  I  have  examined  the  cell  contents  ezhioit  a  reticulate  or 
foam  structure  of  the  cytoplasm  in  which  one  or  more  deeply  stained  granules 
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may  be  embedded.  As  these  granules  stain  deeply  In  nuclear  stains,  and  also 
give  a  reaction  for  phosphorus,  they  are  probably  similar  to  chromatin.  They 
are  distributed  throughout  the  whole  cell,  and  are  not  specially  confined  to  one 
place. 

The  variation  in  size  and  number  of  the  chromatin  granules  in  the  different 
species  examined  is  very  considerable.  In  the  colourless  Beggiatoa  alba  and  in 
various  Spiri&a  there  are  very  few  small  granules.  In  some  cells  of  Beggiatoa 
alba  they  appear  to  be  absent  altogether.  In  these  cells  there  is,  therefore,  no 
constituent  of  the  cell  which  gives  a  pronounced  reaction  for  chromatin.  The 
cytoplasmic  network  givfs  a  very  slight  reaction  for  phosphorus,  but  this  is  so 
slight  as  to  be  of  little  value. 

In  Bacillus  subtilis  there  is  one  prominent  granule,  sometimes  two,  in  each 
cell,  and  the  same  is  true  for  B.  anthracis  according  to  Fischer,  and  for  other  forms 
of  bacilli  which  I  have  observed.  The  structure  of  these  bacilli  is,  in  fact,  very 
much  like  that  of  the  yeast  plant,  except  for  the  absence  of  the  very  prominent 
vacuole,  of  which,  however,  there  is  even  here  some  evidence. 

The  coloured  bacteria,  on  the  other  hand,  appear  to  contain  an  abundance  of 
granules.  In  Beggiatoa  roseo-persicina,  the  cytoplasm  of  which  is  coloured  pale 
red,  the  granules  are  very  prominent  in  the  middle  of  the  cell,  and  Fischer 
figures  the  same  for  Ckromatium  okenii.  These  granules  stain  deeply  in 
hsematoxylin,  and  give  a  fairlj  strong  reaction  for  phosphorus.  But  there  is  no 
clear  demarcation  into  a  central  body  and  peripheral  coloured  cytoplasm,  as  occurs 
in  the  Cyanophyceas. 

'  We  must  conclude,  therefore,  that  the  bacteria  do  not  contain  anything  which 
can  be  individualised  as  a  nucleus,  but  that  the  nuclein  constituent  of  the  cell 
when  present  is  contained  in  granules  distributed  throughout  the  cytoplasm. 

Beggiatoa,  and  possibly  other  and  more  lowly  forms,  has  under  certain  con- 
ditions apparently  no  chromatin  granules  at  all.  The  cell  contents  give  a  slight 
reaction  for  phosphorus,  if  at  all,  and  no  deeper-stained  granules  can  be  clearly 
made  out ;  the  same  result  is  obtained  with  methylene  blue,  and  also  with 
hfismatoxylin  Under  other  conditions  we  find  forms  in  which  a  few  chromatin 
granules  can  be  seen  scattered  about  the  cell,  not  in  any  special  part  of  it  nor  in 
a  central  body.  Hinze  finds  in  a  large  form  a  considerable  number  of  small 
granules.  The  cytoplasm  exhibits  a  foam  structure  very  beautifully  in  some 
cases,  but  this  appears  to  be  mainly — I  think  not  entirely>-due  to  the  spaces  left 
by  the  sulphur  granules.  In  some  specimens  with  only  a  few  such  granules  the 
comparatively  thick  strands  of  cytoplasm  between  the  granules  did  not  show  any 
foam  structure  at  all. 

The  Evolution  of  the  Nucleus, 

All  plant  nuclei,  from  the  algse  and  fungi  upwards,  piesent  a  striking 
similarity  both  in  structure  and  mode  of  division.  Tne  same  appears  to  be  true 
of  the  animal  kingdom,  from  the  protozoa  upwards.  But  among  the  protozoa  on 
the  animal  side,  and  the  yeast  fungi,  bacteria,  and  Oyanophyceie  on  the  plant  side, 
there  is  a  kind  of  border  kingdom  In  which  occur  structures  which  appear  to 
represent  the  nuclei  of  the  higher  organisms,  but  are  so  different  from  tliem  in 
many  respects  that  it  is  very  difficult  to  say  whether  they  should  be  regarded  as 
nuclei  or  not.  As  we  have  already  seen,  the  central  body  of  the  Cyanophyce» 
and  the  chromatin  granules  of  the  yeast  plant  and  bact^-ria  may  represent  simple 
or  rudimentary  forms  of  nuclei.  It  is,  therefore,  possible  that  we  may  obtain 
from  them  a  clue  or  indication  of  some  kind  as  to  the  origin  of  the  nucleus  and 
the  process  of  its  evolution. 

It  is  among  the  protozoa  that  we  find  the  greatest  variation  both  in  form  and 
structure  of  these  rudimentary  nucl^.  All  the  various  parts  of  the  nuclei  of  the 
higher  animals  can  be  recognised  in  them,  but,  as  Calkins  points  out,  are  rarely 
present  in  one  and  the  same  nucleus.  From  a  consideration  of  the  various  types 
Calkins  considers  that  the  most  primitive  nucleus  is  probably  a  single  mass  of 
chromatin  without  membrane  or  reticulum.     By  the  division  of  this  into  granule6| 
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their  ikasociation  into  lines  forming  primitive  chromosomes,  the  developinent  of  a 
linin  network,  and  the  formation  oi  a  definite  nuclear  membrane  was  gradually 
brought  about  the  development  of  the  tvpical  nucleus. 

Id  the  three  groups  of  plants  the  Cyauophycese,  bacteria,  and  yeast  fungi  it 
is  not  possible  to  recognise  all  the  various  parts  of  typical  nuclei  as  in  the  protozoa. 
In  none  of  them  do  we  find  a  nuclear  membrane,  nucleolus,  chromosomes,  or 
spindle  figure,  or  centrosome.  We  have  nothing  yery  tangible,  therefore,  to  com- 
pare with  the  typical  nucleus  of  the  higher  plants,  and  it  is  no  doubt  very  largely 
due  to  this  that  we  have  so  many  contradictory  accounts  of  the  nuclear  structures 
in  these  forms. 

At  the  same  time  the  nuclei  of  tbe  higher  plants  pass  through  stages  in  their 
division  which  more  nearly  approach  in  their  structure  the  simple  terms  with 
which  we  are  now  concerned.  Thus  the  nuclear  membrane  and  nucleolus  dis- 
appear, and  the  chromatin  network  becomes  condensed  into  a  number  of  homo- 
geneous  rods  or  granules,  tbe  chromosomes,  which  lie  free  in  the  cytoplasm. 
There  seems  to  be  no  reason  why  we  should  not  consider  the  simpler  chromatin 
structures  in  the  lower  plants  in  the  light  of  these  ontogenetic  changes,  as  we  may 
term  them,  of  typical  nuclei,  in  order  to  obtain  some  indication  of  the  origin  and 
phylogenetic  development  of  tbe  nucleus. 

We  may  take  the  colourless  Beggiatoa  as  a  starting-point;  not  that  this 
form  is  the  lowest,  but  because  its  structure  is,  on  account  of  its  size,  more  easily 
examined,  and  because  it  is  connected  possibly  with  the  Cyanophyceas  on  the  one 
hand  and  with  th^  ordinary  bacteria  on  the  other.  From  a  careful  examination 
and  comparison  of  its  structure  with  that  of  other  low  forms  we  obtain  the 
following  diagram,  showing  their  possible  relationships  as  indicated  by  their 
cy  tological  structure ; — 


Beggiatoa  alba, 
(Chromatin  granules  may  or  may  not  be  present.) 


Beggiatoa  roteo-porHdnOj  Chroma- 
tium  oie9mj  kc. 

Many   chromatin    granules    often 
condensed  in  "the  centre  of  the  cell. 
Cytoplasm  coloured. 


Cyanophycea. 

Central  body  with  chromatin  gra- 
nules surrounded  by  a  peripheral 
coloured  protoplasm). 

? 

Algse. 


lArger  Spirilla  with  colourless 
cytoplasm.  (Few  small  chromatin 
granules.) 


Forms  like  Cholera  vibrio,  B,  li- 
neoUiy  B.  atUhracU,  Tyjfkus  bacUliu, 
kc.  Colourless.  (One  or  two  chro- 
matin granules.) 


Yeatt  Ikingi, 

With  one  or  two  chromatin  gra- 
nules associated  with  a  nutritive 
vacuole. 


j 

Fungi. 


Digitized  by 


Google 


684  HEPORT— 1905. 

In  the  simplest  case  the  cell  of  Beg^iatoa  contains  only  cytoplasm  TVith- 
out,  so  far  as  I  can  see  by  carefal  examination  with  the  highest  powers  available, 
any  di£R9rdntiation  of  chromatin  grains  or  structures  of  a  like  nature.  Neither  do  I 
think  that  we  can  regard  the  protoplast  as  representing  a  nucleus.  As  Fischer 
points  out,  the  idea  that  the  protoplast  of  the  bacteria  stains  like  a  nucleus  is  not 
correct,  and,  as  I  have  been  able  to  show,  it  certainly  does  not  giye  a  phosphoroa 
reaction  like  a  nucleus.  It  is,  in  fact,  a  simple  uudifierentiated  mass  of  cyto- 
plasm, either  homogeneous  or  at  times  exhibiting  a  foam  structure.  In  this 
cytoplasm  a  few  granules  of  chromatin  may  become  differentiated,  and  this  is  the 
first  indication  of  the  separation  of  nuclear  substance.  Whether  there  are  any 
species  of  Beggiatoa  or  other  bacteria  which  are  permanently  without  nuclear 
granules  I  do  not  know,  and  it  will  be  very  difficult  to  prove  it ;  but  the  fact  that 
under  certain  conditions  these  cells  exist  without  them  seems  to  point  to  the  con^ 
elusion  that  this  may  be  the  primary  cell  structure,  as  has  been  surmised  by  Haeckel 
and  others. 

At  an  early  stage  in  the  evolutionary  history  of  the  protoplasm,  before  a 
typical  nucleus  was  evolved,  we  appear  to  have  had  the  development  of  colouring 
matter  for  the  function  of  assimilation,  and  a  bifurcation  into  the  two  distinct 
lines  of  descent  of  the  fungi  and  the  algro.  This  appears  to  have  been  accompanied 
by  two  distinct  lines  of  nuclear  evolution  leading  respectively  to  the  development 
of  the  central  body  of  the  Oyanophycese  and  the  nuclear  apparatus  of  the  yeast 
plant.  The  possible  lines  of  development  of  the  nucleus  up  to  the  yeast  fung^i  on 
the  one  side  and  to  the  Cyanophycess  on  the  other  are  cleatly  indicated  in  the 
diagram  ;  but  between  the  yeast  fungi  and  the  true  fungi,  and  between  the  Cyano- 
phycess  and  the  algSB,  there  are  gaps  which  we  cannot  bridge  at  present. 
it  is  possible  that  the  evolution  of  the  typical  nucleus  may  have  been  brought 
about  in  the  fungi  by  the  more  definite  association  of  the  nuclear  vacuole  with 
the  homogeneous  nuclear  body,  possibly  acccompanied  by  a  vacuolation  of  the 
latter,  or  that  the  nuclear  body  itself  may  have  become  the  nucleus  direct  by  a 
process  of  vacuoUtion  and  differentiation  within  itself. 

In  the  case  of  the  Cyanophyce®  I  have  already  shown  that  the  central  body  is 
a  vacuolar  structure  associateel  with  granules  of  chromatin,  and  that  sometimes 
this  vacuolation  becomes  so  pronounced  in  resting  cells  that  we  get  an  appearance 
as  of  a  limiting  membraue  between  it  and  the  cytoplasm.  The  granules  run 
together  and  become  associated  in  such  a  way  as  to  simulate  the  spireme  Uiread 
of  an  ordinary  nucleus.  Further,  we  have  in  some  Oyanophycess  a  aifferentiation 
of  a  nuclein-like  substance  in  the  form  of  the  red  granules  of  Butschli  at  the 
periphery  of  the  central  body,  which  may  be  an  early  stage  in  the  separation  of  a 
portion  of  its  substance  to  perform  the  special  functions  of  the  pyrenoid.  The 
complete  separation  of  this  into  a  definite  pyrenoid  and  the  formation  around  the 
remainder  of  a  nuclear  membrane  would  give  us  a  differentiation  comparable  to 
some  extent  to  what  we  find  in  Eufflena  vtruiis,  where  we  have  a  reticulate 
nucleus  which  divides  by  a  rudimentary  process  of  karyokinesis,  in  which,  so  far 
as  we  know,  there  is  no  definite  formation  of  chromosomes  and  no  longitudinal 
splitting. 

As  to  when  or  how  the  higher  differentiation  of  the  aucleus,  with  its 
chromosomes,  longitudinal  division,  and  spindle  figure,  arose  we  do  not  know. 
Possibly  a  careful  investigation  of  the  lower  forms  of  the  fungi  and  algae  and 
such  organisms  as  Euglena,  and  especially  the  protoioa,  may  tw>w  light  upon 
this  difficult  problem. 
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CAPE  TOWN. 
WEDNESDAY,  AUGUST  16. 
The  following  Papers  were  read : — 

\»  On  the  more  Recent  Advances  in  our  Kiwwledge  of  Seaweeds^ 
By  Professor  R.  W.  Phillips,  M.A,,  D,Sc. 

Marine  plant-life  may  be  diatinguiRhed  as  attached  shore  vegetation  or  floating 
oceanic  vegetation. 

I.  Shore  Vegetntion. — With  rare  exceptions  this  consists  of  Alg(B\  —  h\\\e- 
green,  green,  red,  and  olive-brown.  Gaps  still  exist  in  our  knowledge  of  the  repro- 
duction of  some  members  in  the  gteen  group,  especially  Stphonacecr,  Oltmanns 
has  revised  our  view  of  the  act  of  fertilisation  in  the  rod  seaweeds.  In  the  brown 
group,  which  constitute  the  great  bulk  of  shore  vegetation,  the  most  interesting 
advance  comes  from  Williams^s  discovery  of  the  existence  of  motile  antherozoids 
in  DicfyotaCe^t,  His  subsequent  study  of  the  cytology  of  plants  of  this  family 
points  to  the  existence  of  a  sharp  alternation  of  generations.  The  point  at  which 
reduction  of  the  chromosomes  takes  place  in  Fucacea  had  been  previously  esta- 
blished by  Farmer  and  Williams.  There  is  still  lacking  successful  cultivation 
of  seaweeds  '  from  spore  to  spore.'  The  early  stages  of  germination  have  been 
observed  in  some  Phaosoosporete,  and  exhibit  points  of  interest. 

II.  OceanicVegetation. — In  our  knowledge  of  the  floating  vegetation  of  the 
open  sea  great  advance  was  made  by  the  members  of  the  German  Plankton  Ex- 
pedition, and  later  by  other  observers.  It  is  enormous  in  aggregate  amount, 
although  consisting  of  microscopic  forms  taken  only  by  the  tow-net.  It  exists  for 
the  most  part  in  the  superficial  50  fathoms ;  below  700  fathoms  is  probably  con- 
tinuous wkness,  where  no  chlorophyll-containing  organisms  can  survive.  The 
adaptations  in  oceanic  plankton  to  prevent  rapid  sinking  are  remarkable.  It  con- 
sists chiefly  of  Diatotntrcea  and  Pendiniacecs*  Coccospheres,  Rhabdospheres,  Halo- 
9ph€Bra,  and  Pyrocystis  are  also  interesting  forms.  Upon  this  oceanic  vegetation, 
rather  than  the  shore  vegetation,  it  would  seem  that  marine  animal  life — large  and 
small — must  ultimately  depend  for  sustenance. 


2.   llie  ProtJuUlium  of  Gleichenia  pectinata. 
By  Professor  D.  H.  Campbell. 

The  }>rothallium  and  the  reproductive  organs  (especially  the  antheridium)  of 
this  species  show  a  near  approach  to  those  of  Osmunda, 


3.  On  tlie  Healing  of  ParenchymcUous  Tissues  in  Plants. 
J5y  Professor  M.  C.  Potter,  M.A,,  F.L.S. 

With  regard  to  the  healing  of  woody  tissues  when  exposed  by  a  cut  or  other 
Wound,  Temme  has  shown  that  the  cavities  of  the  xylem  vessels  especially,  and 
of  the  other  elements  of  the  wood,  are  closed  by  a  substance  which  he  termed 
wound'gum.  By  the  development  of  this  wound-gum,  which  usually  takes  place 
within  twenty-four  to  forty-eight  hours  from  the  time  of  injury,  any  loss  of  water 
at  the  wound',  which  might  interfere  with  the  transpiration  current,  is  checked  or 
completely  stopped  in  a  very  short  time ;  and,  further,  the  interchange  between  the 
'  atmospheric  gases  and  those  in  the  intercellular  spaces  is  rei^tored  to  the  special 
organs  for  this  purpose,  e.g.,  stomata  or  lenticels.  The  presence  of  wound-gum 
increases  the  specific  gravity  of  the  exposed  xylem  (wound-wood)  and  causes  it  to 
assume  the  colour  and  texture  of  the  duramen ;  hence  Temme  considers  the  wound- 
wood  and  duramen  to  be  identical. 

The  formation  of  callus  by  exposed  parenchymatous  cells  is  well  known,  an^ 
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Shattock  haa  shown  how  these  cells,  when  injured  by  a  sharp  scalpel,  are  destroyed, 
and  in  the  healed  tissue  are  replaced  by  others  derived  from  the  diyision  of  adja- 
cent cells. 

Richards  demonstrated  the  rise  of  temperature,  and  also  the  increased  reepirar 
tory  activity  of  wounded  parenchymatous  cells. 

Nemec  has  traced  the  protoplasmic  changes  in  cells  adjacent  to  a  wound. 

In  the  case  of  parenchymatous  tissues  little  attention  has  been  paid  to  the 
manner  in  which  the  intercellular  spaces  are  closed.  Thus,  for  example,  when  a 
hyacinth  or  other  leaf  is  cut,  the  rate  of  exchange  between  the  intercellular  and 
atmospheric  gases  is  profoundly  altered,  and  the  first  step  towards  healing  such  a 
wound  is  to  seal  the  openings  of  the  intercellular  spaces  and  restore  the  rate  of 
gaseous  exchange  to  the  normal  condition.  This  sealing  is  accomplished  by  the 
formation  of  a  substance  probably  derived  from  the  cellulose  wall ;  it  is  found 
fully  developed  in  about  twenty-four  hours  from  the  time  of  injury,  and  thus  a 
cicatrix  is  made,  which  completely  prevents  the  loss  of  aqueous  vapour  and  of  the 
entrance  or  escape  of  gases  at  the  wounded  surface.  This  substance  is  probably 
identical  with  wound-gum ;  it  reacts  to  phloroglucin  and  other  stains  for  lignin, 
and  like  it  is  not  developed  in  an  atmosphere  deprived  of  free  oxygen,  such  as  in  CX),. 
The  formation  of  wound-gum  may  thus  in  some  way  be  connected  with  the  rise  of 
temperature  discovered  by  Richards. 

In  addition  to  the  hyacinth  leaf,  very  beautiful  preparations  of  wound-gum — ; 
showing  the  characteristic  red  of  the  lignin  reaction  with  phloroglucin — can  be 
observed  in  the  leaf  of  Agapanthus,  the  epicotyl  of  Averuif  the  cortex  of  young 
woody  stems,  and  in  the  reservoirs  of  reserve  material,  such  as  the  swede  or  turnip. 
In  fact,  wound-gum  appears  to  be  generally  developed  as  a  consequence  of 
mechanical  injury. 

The  first  step,  then,  towards  the  healing  of  both  woody  and  parenchymatouB 
tissue  is  the  closing  of  the  intercellular  spaces  by  a  cicatrix  prior  to  the  develop-: 
ment  of  bark.  

4.  Joint  Discussion  with    Section  L  on  Educational  Methods  in  the 
Teach%ng  of  Botany.     Opened  by  Habold  Wagbr,  F,B.S, 


THURSDAY,  AUGUST  17. 
The  following  Papers  were  read : — 

1,  On  the  Vegetation  and  the  Floral  Elements  of  Tropical  Africa. 
By  Professor  A.  Engleb. 

Professor  Engler  gave  first  a  brief  account  of  the  meteorological  conditions  in 
Africa,  especially  of  the  differences  of  rainfall  in  East,  West,  and  Central  Africa, 
and  then  enumerated  the '  formations  of  vegetation,'  which  are  especially  dependent 
upon  the  water  and  the  temperature  which  they  receive  in  the  various  seasons  of      i 
the  year,  and  also  upon  the  chemical  and  physical  conditions  of  the  soil.    One  can       1 
distmguish  almost  the  same  formations  in  every  large  continental  tropical  country       * 
which  ascends  from  the  sea  to  high  mountains,  although  the  floral  elements,  or  the 
components  of  the  flora,  are  more  or  less  difierent  in  tropical  Africa,  in  laropical 
Asia,  and  in  tropical  America. 

One  can  first  separate  the  halophilous  littoral  formations  from  the  others, 
because  many  littoral  plants  of  East  Africa  are  the  same  as  those  of  East  India^ 
and  because  many  of  west  Africa  are  the  same  as  those  of  tropical  America. 

Then  we  have  the  hydrophilous  formations,  those  which  are  especially  favourr  ^ 

by  moving  or  stagnant  water,  either  the  whole  year,  or  only  for  some  month'  ' 

weeks.    One  finds  a  great  variety  of  hydrophilous  formations,  and  they  a^  '' 

luxuriant  in  those  parts  of  Africa  where  there  is  much  rainfall,  and  wh  / 

does  not  only  come  to  the  roots,  but  also  from  the  clouds  to  the  l^ve '       ,  /^ 
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the  hydrophilous  and  hygrophUovs  formatums,  w]iich  we  find  especially  in  equa* 
tonal  Western  Africa  and  eastwards  to  the  Bahr-el-Ghasal. 

After  the  hydrophilous  formations  we  come  to  the  hygryphUota^  those  whose 
vegetation  is  directly  influenced  hy  the  atmospheric  water.  These  formations  are 
also  very  varied ;  thus  we  have  those  of  the  lower  regions,  which  are  megatherm, 
others  of  the  middle  regions,  which  are  mesotherm,  and  others  of  the  higher,  cbudy 
regions,  which  are  microtherm. 

There  are  also  many  formations  which  one  can  name  mbxerophUous,  and  which 
belong  to  regions  with  a  short  rainy  season,  or  limited  deposit  of  mist ;  they  are 
very  numerous  in  the  plains  as  well  as  in  the  mountains. 

Finally  we  come  to  the  true  xerophilotia  formations^  which  receive  very  little 
rain,  and  that  during  only  a  short  period  of  the  year,  or  only  dew  at  night-time. 
These  formations  are  botanically  of  the  greatest  interest,  because  they  show  the 
most  singular  adaptations  to  the  dry  climate,  which  are  well  known  to  all  botanists, 
who  know  some  of  the  plants  of  the  Karroo,  of  Namaqua-  and  Damaraland,  of  the 
dry  East  African  steppes  at  the  northern  foot  of  the  Usambara  mountains,  in 
Somaliland,  and  in  the  Sahara. 

List  of  the  principal  Formations, 

A.  IIalophilous  Littoral  Formations. — Mangrove — Littoral  scrub — Her- 
baceous vegetation  of  sandy  beech — Littoral  rocks — Creeks. 

B.  Hydrophilous  Formations.— Forest  on  alluvial  soil  or  gallery-forest. 
a  and  6,  hydrophilous  and  hygrophilous.  (a)  In  very  warm  district  with  abun- 
dant rainfall — (a)  in  West  AJfrica ;  (iS)  in  East  Africa  (6)  In  districts  of  medium 
warmth  with  abundant  rainfall,  (c)  In  districts  very  warm  with  a  scarce  rainfall. 
{d)  In  districts  moderately  warm  with  scarce  rainfall. 

Alluvial  country  without  trees  (a,  b,  c,  d,  as  before). — Formation  of  the  Podoste- 
monaceae  in  fast-running  mountain  streams  and  torrents — Formation  of  the  lakes — 
Shallow  pools — Pools  with  mixed  plants— Marantacese  (Clinoffyne) -pools — Vossia- 
pools— Phragmites-pools — Papyrus-pools — ^Typhonodorum-pool  (on  the  Isle  of 
Zanzibar). 

C.  Htgrophilous  Formations. — (a)  H/Jegatherm :  Formation  of  the  lowest  ever- 
green rain-forest  [(a)  in  West  Africa ;  O)  in  East  Airica].  Middle  evergreen 
rain-foreet  (varying  in  altitude  from  400-1,300  m.  above  the  sea,  corresnonding  to  the 
various  altitudes  of  the  mountains  and  ridges,  [a,  slopes ;  fi,  glaaes,  ck»irings ; 
y,  gullies.] — Upper  evergreen  rain-forest  [a,  slopes ;  ^,  glades ;  y,  gullies].  L^sa 
moist  rain-forest  on  slopes  exposed  to  dry  winds.  \b)  Sfesothenn :  Moist  pasture 
ground — Bamboo-forest  of  the  mountains — Forest  in  the  cloud  region  of  the  higher 
mountains. 

D.  SuBXBROPHiLOUS  FORMATIONS.— Formation  of  the  park-like  woods  in  the 
coastal  regions — Borassus  groves — Iljphisue  groves — Formation  of  the  fertile 
submountainous  region  with  red  soil — Formation  of  the  upper  fertile  submoun- 
tainous  region  with  black  soil — Formation  of  the  mixed  mountainous  forest  on 
dri^r  slopes — Formation  of  the  mountain  scrub — Mountain  scrub  with  Pteridium — 
Mountain  heath — Formation  of  Pteridium  [(a)  primary  ;  (6)  secondary] — Moun- 
tain scrub-steppe  (steppe  grass  with  shrubsV— Mountain  tree-steppe — Rocky 
summits  and  slopes  of  the  mountains — Stony  slopes  with  humus— Formation  of 
the  shingle  slipe---Sunny  flat  rocks — Sunny  rocky  declivities — Dry  mountain  pasture- 
grounds — Upper  dry  mountain  meadows — Upper  dense  scrub— -Subalpine  dwarf 
shrubs. 

E.  Xbrofhilous  Formations  — Saline  *  steppe ' — Steppe  with  various  succu- 
lent plants — Steppe  formation  of  the  evergreen  thorn  shrubs  and  trees  (Euphor- 
bia)— Aloe-steppe  (with  numerous  high  Aloes) — Steppe  of  the  deciduous-leaved 
spiny  shrubs — Grassy  '  orchard-steppe '  (Obstgartensteppe,  with  scattered  small 
spiny  trees) — Mixed  thorn-  and  shrub-steppe — Open  gra^s-steppe — Grass-steppe 
witn  scattered  trees. 

Wbile  the  vegetation  is  characterised  bv  physiological  types,  the  flora  is 
characterised  by  the  systematic  position  of  the  plants.    There  is  no  doubt  that  in 
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tropical  Africa  a  floral  element  predominates,  which  is  peculiar  to  this  part  of  tlid 
world.  An  accurate  comparison  shows  that  this  element  is  more  nearly  related  to 
that  of  tropical  Asia  than  to  that  of  tropical  America,  and  that  it  is  espeaallj  nearly 
connected  with  that  of  India  and  Madao^ecar.  But  hesides  the  tropical  African 
element  of  the  flora,  we  find  in  tropical  Africa  menihers  of  other  elements — of  the 
Madajraseian,  of  the  Indian,  the  South  African,  the  boreal,  the  Mediterranean, 
and  even  of  the  tropical  American  But  it  is  to  be  noticed  that  these  elements 
are  distributed  in  the  various  formations  in  a  very  different  way. 

T)}e  different  halophilous  beach  formations  do  not  belong  to  the  same  floral 
element.  On  the  coasts  of  East  Africa  there  predominate,  besides  some  plants 
truly  African,  members  of  the  Indian  and  the  Monsoon  elements ;  whereas  on  the 
coasts  of  West  Africa  exists  an  element  belonging  to  both  tropical  America  and 
tropical  Africa. 

Besides,  the  accurate  investigations  of  recent  times  have  shown  that  in  the 
hydrophilous  and  hygrophilous  me^therm  formations  of  Western  Africa  some 
genera  exist,  the  other  species  of  which  are  to  be  found  only  in  the  corresponding 
formations  of  tropical  America.  And  not  only  some  genera,  but  even  whole  fami- 
lies and  tribes,  are  developed  only  in  tropical  America  and  in  either  West  Africa 
or  in  the  whole  of  tropical  Africa ;  for  instance,  in  the  hygrophilous  formations, 
the  Mayacacete,  HapateacefB,  Musacea-Streliizioide^ef  Balancphoracea-Lanys- 
dorffieaf  Morctceee-BrosimcfSf  Caricacece,  HumiriacetSj  Wint^ranaceeCf  Cactaeete- 
Jihipsalideeef  Ge7Uianace<B'Leiphaivie(e,  In  the  subxerophilous  and  xerophilous 
formations  of  the  plain  regions  and  the  inferior  mountains  some  families  and  tribes 
behave  in  a  similar  manner,  namely,  the  Velloziacecs,  Htfdnorace^ef  Tunieraceec, 
LtmsacecCy  Rafflesiaceai-Apodanthete,  and  Cyiinece.  Besides  these  families  there 
are  to  be  mentioned  some  natural  orders  which  have  also  members  in  the  monsoon 
lands;  but  which  are  developed  in  rich  numbers  only  in  America  and  Africa;  for 
instance,  the  Pont-ederiaceeBy  the  Moracece-DorttenxefCf  the  RomccfeChrysobala- 
n<nde<B,  the  Simaruhaceoi'Simdrtfbecey  the  Burseracece,  the  Dichapetalaceoff  and  the 
large  genera  Hermannia  and  Asclepias. 

In  the  hygrophilous  megatherm  formations,  and  in  the  mesotherm  formations 
of  East  Africa,  especially  in  the  rain  forests  and  in  the  forests  of  the  higher  moun- 
tains, the  Indian  and  Madagascar  elements  are  rather  numerous  in  members,  and 
even  the  same  species  are  to  be  found  in  the  mountains  of  East  Africa,  the  Mada- 
gassian  Islands,  and  in  India,  especially  many  ferns. 

The  South  African  element,  too,  is  not  absent  in  these  formations,  but  it  is  much 
more  numerous  in  species  in  the  shrub  formations  of  Angola  and  East  Africa.  In 
the  xerophilous  formations  the  tropical  African  element  is  very  nearly  related  to 
the  Indian  element,  especially  north  of  the  equator. 

Besides,  in  the  Bi\bxerophilous  and  xerophilous  formations  of  North-east  Africa, 
and  more  in  Somaliland  than  in  Abyssinia,  the  Mediterranean  element  is  repre- 
sented by  numerous  genera ;  for  instance,  Btixus,  Pistacta,  Farsetia,  Dicerateila, 
Malcolmiaj  Qypsophilay  Micrometna,  Lavandula^  Carduncellw,  Cistanche,  Juni' 
perus,  Callittis. 

Finally,  besides  the  Mediterranean,  the  boreal  element  has  many  species  in 
the  microtherm  formations  of  the  hi^h  mountains  of  Africa.  These  are  relatively 
poor  in  plants  originating  from  Afncan  types,  whereas  the  boreal  and  Mediter- 
ranean lorms  which  have  immigrated  into  the  higher  mountains  of  Africa  have 
developed  in  their  new  area  new  species  and  varieties. 

At  last  it  must  be  mentioned  that,  in  spite  of  the  narrow  relations  between  the 
African  mountain  vegetation  and  the  Mediterranean  flora,  there  are  wanting 
many  genera  and  orders  otherwise  distributed  over  large  areas ;  for  instance,  the 
AbiettnetSj  Fagacea,  Betulacete,  Pirolaceas,  Ericace<B'Bhododendroide€e,  AceraoetB, 
Caprtfoliacets  (with  exception  of  Safnbucus  ebulus),  JRosacea-Spiraeotdeatf  Coiiari' 
acece,  Dajyhne,  Aconitum,  Aquilegia,  Drahay  Euonymus,  Geumj  RtbeSy  BhusSect. 
Tnchocarpce,  Hieracium,  Gentiana,  Ins,  Zilium,  Fritillmnay  Orchis,  OpJirys, 
The  fact  that  of  all  these  groups  no  members  exist  in  the  higher  mountains  of 
Africa  proves  that  the  bor^  element  has  immigrated  irom  the  North  and  East 
into  the  Mediterranean  regions,  whereas,  on  the  other  hand,  s<m^e  types,  now 
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believed  to  be  properly  African,  for  instance,  Encephalartos;  extended  their  area  as 
far  as  Southern  Europe.  Therefore,  the  hypothesis  cannot  be  maintained  that  in 
the  Tertiary  period  the  same  mixed  flora  was  distributed  over  all  the  Old  World, 
a  flora  from  which  the  various  elements  should  have  diflferentiated  by-and-by. 


2.  The  Phy  to-Geographical  Subdiviaions  of  South  Africa, 
By  R.  Marloth,  Ph,D. 

[Plate  IV.] 

A.  The  Oapb  Peoyikob. 

The  bulk  of  its  vegetation  consists  of  evergreen  shrubs  with  small  leathery 
leaves,  many  of  them  belonging  to  endemic  orders,  sub-orders,  genera  and  species 
of  more  or  less  South  Temperate  relationship.  Among  them  are :  Proteaceae, 
ThymehoacenD,  Ericaceas,  PensBaceas,  Grubbiacefe,  BruniacesQ,  ani  Hutaceie.  Not 
less  important  are  the  Restionacese. 

B.  The  Pal-«o-Tbopical  Provikcb. 
I.  The  Oras9-8tepp€8. 

1.  The  basin  of  the  Limpopo  and  Lower  Vaal.  The  former  is  called  the  '  Bush 
Veld.' 

This  is  closely  related  to,  or  really  only  a  southern  continuation  of,  the  Central 
East  African  steppe  and  forest  province.  Numerous  species  of  trees,  especially 
from  the  orders  Leguminosse  and  Combretacese,  together  with  Faiwea  saligna^ 
tree  Euphorbias  {E,  Reinhardtii  (Volkens)  Pax)  and  arborescent  Aloes. 

2.  The  Kalahai'i  and  Bushmanland. 

Gloselv  related  to  the  LimiK)po  district,  and  practically  differing  only  by  the 
absence  of  open  water  and  species  dependent  on  a  regular  and  not  too  scanty  water 
supply.  Acacias  are  specially  numerous,  and  A.  GirafftB  is  present  in  most  parts. 
As  a  whole  it  does  not  deserve  the  designation  '  desert.' 

3.  Tlift  High  Veld. 

Altitude  from  1,200  to  1,500  metres.  Wide  stretches  of  grass  lands  without 
a  tree  or  bush  for  miles.  In  the  eastern  parts  the  country  is  mountainous,  and 
the  vegetation  consequently  more  varied. 

4.  The  Kaffrarian  countries. 

Specially  characterised  by  thorny  scrub,  with  Aloe  ferox  on  the  hills  and 
Acacia  horrida  along  the  rivers  and  in  the  plains.  Succulents  are  common  in 
many  parts,  especially  species  of  Cotyledon,  Kalatichoe,  Euphorbia,  Aloe,  Haivorthia, 
and  Gasteria. 

A  special  formation  is  represented  by  the  mountain  forests. 

II.  The  Central  Districts  of  the  Cape  Colony, 

1.  The  Karroo. 

This  consists  of  the  following  parts : — 

(a)  The  West  Karroo,  formed  b^  the  Bokkeveld  and  Tanqua  Karroo. 
{b)  The-Oentral  Karroo,  consisting  of  the  Bastard,  Mordenaar's,  Great,  and 
Eastern  Karroo. 

(c)  The  Little  Karroo. 

(d)  The  Robertson  Karroo,  south  of  the  Langebergen.  Abounds  in  succulents. 
Along  the  river-beds  trees,  especially  Acacia  Itorrida  and  Ehus  viminalis, 

2.  The  Karroid  Plateau. 

To  this  sub-province  belong  the  Roggeveld,  the  Nieuwveld,  and  the  wide 
plains  to  the  north  and  east.  Trees  are  entirelv  wanting,  and  more  than  00  per 
cent,  of  the  conspicuous  vegetation  consists  of  dwarf  shrublets  of  Composites  mixed 
with  some  succulents.  Occasionally  there  are  even  patches  of  the  latter  or  a 
larger  proportion  of  them.    Qrass  is  occasionally  thinly  scattered.      CjOOqIc 
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8.  liittle  Namaqualand. 

This  coontry  is  very  varied  in  its  vegetation,  some  parts  of  it  belonging  to  the 
Karroo  and  others  to  the  Karroid  plains.  The  mountain-tope  possess  real  Cape 
flora,  and  the  coast  strip  is  a  desert. 

As  the  boundaries  of  these  regions  have  not  been  fully  investigated  as  jet^  I 
have  not  attempted  to  delineate  them. 

III.  The  Western  Littoral, 

A  strip  varying  in  width  from  a  few  miles  in  Little  Namaqualand  to  thirty  or 
fifty  miles  in  Great  Namaqualand  and  Damaraland. 

A  real  desert.    The  most  remarkable  plant  is  Welioitachia  mirabilta, 

IV.  The  Forests  of  the  South  Coast. 

The  narrow  coast  strip  between  George  and  Ilumansdorp  and  the  lower 
portion  of  the  soiUhern  slopes  of  the  Outeniqua  and  Zitzikamma  mountains. 

The  most  numerous  trees  are  Podocarpus  eUmgata  and  Olea  laurifolia,  which 
form  about  one-third  of  the  forest. 

The  tall  Strelttna  albaj  several  arborescent  ferns  {Hemtelia  eapensis  and 
Marattia  fraxinifolia),  and  a  number  of  epiphytic  orchids  {Angrcecum  and 
Mystacidiwn)  indicate  the  high  rainfall. 

V.  The  South-Eastern  Coast-belL 

A  narrow  stiip  of  low  coast  lands,  reaching  nearly  as  far  as  Algoa  Bay, 
Characterised  by  Phoenix  reclinata,  the  southernmost  African  palm,  CycadacefB 
(Enoephalarto»)f  Strelittia  (three  species),  Euphorbia  grandidens,  and  in  the  north 
mangroves. 

Note. — ^This  abstract  and  the  accompanying  map  had  to  be  completed  before 
Pr.  Bolus's  new  treatise  on  the  flora  of  South  Africa  was  available  for  reference. 


FRIDA  r,  A  UQ  VST  IS. 
The  following  Papers  were  read : — 

1.  The  Systematic  Positiwi  of  Welwitschia. 
By  Professor  H.  H.  W.  Pearson,  M.A.,  F.L.S. 

The  author  gave  an  account  of  his  investigations  on  the  development  and 
germination  of  the  spores  of  Welwitschia.  The  material  examined  was  collected 
in  Damaraland  in  January  1004.  Owing  to  the  unsettled  condition  of  the  country 
the  author  was  unable  to  stay  long  enough  to  obtain  a  complete  series,  and 
therefore  the  latest  stages  of  germination  of  the  spores  and  the  process  of  fertilisa- 
tion were  not  observed.  The  results  established  are  sufficient  to  throw  new  light 
upon  the  relations  of  the  genus  to  Ephedra  and  to  Gnetumy  and  show  that  the 
views  of  some  recent  authors  as  to  its  position  in  the  group  Gnetacese  must  be 
considerably  modified. 

The  South  African  Association  for  the  Advancement  of  Science  granted  a  sum 
of  26/.  in  aid  of  the  research. 


2.  Notes  on  Irrigation  Fwrming  on  the  Orange  River. 
By  F.  B.  Paekinson,  A.R.SM.,  F.E.G.S. 

In  the  central  portion  of  South  Africa,  say  an  area  bounded  north  and  south 
by  Kimberley  and  Middelburg  respectively,  and  east  and  west  by  Zastron  and 
I^eska — there  is  an  average  rainfall  of  approximately  1  foot  per  annum,  with  a 
tendency  to  be  less  on  the  west  and  more  on  the  east  of  this  area.  Usually  about 
two>thirds  of  this  rainfall  occurs  in  the  autumn  months.    Such  rain  as  faUs  in 
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Bummer  (unless  in  showers  of  at  least  J  inch)  may  he  harmful  rather  than  hene- 
ficial,  by  inducing  the  germination  of  seeds,  which  are  subsequently  killed  by 
drought. 

with  a  rainfall  such  as  this  agriculture  is  not  possible  unless  aided  by 
artificially  applied  water.  Although  at  present  irrigation  works  on  a  large  scale 
cannot  lie  attempted,  yet  along  the  banks  of  the  Orange  River,  which  runs 
through  the  area  mentioned  above,  there  are  pieces  of  good  ground  low  enough 
to  admit  of  profitable  irrigation.  At  Baviaankrantz,  where  there  is  a  sheet  of 
alluvial  soil  some  thousand  acres  in  extent  and  (50  feet  above  the  present  bed 
of  the  river,  an  irrigation  farm  has  been  established.  When  in  flood  the  Orange 
River  at  this  point  is  300  yards  wide  and  50  feet  deep,  while  the  quantity  of 
silt  brought  down  is  so  great  that  if  ordinary  pumps  were  employed  their  valves 
and  pistons  would  soon  be  worn  out.  This  difficulty  is  overcome  by  using  chain- 
and-Ducket  pumps,  working  in  shafts  sunk  at  some  distance  from  the  river.  The 
shafts  are  supplied  with  water  by  means  of  a  10-inch  syphon,  which  connects  them 
with  a  rocky  pool  well  out  of  the  main  current  of  the  nver. 

When  raised,  the  water  is  distributed  by  means  of  2-foot  galvanised  steel 
troughing,  in  which  bungholes  for  drawing  off  the  water  are  fitted  every  hundred 
yards. 

The  important  winter  crops  are  wheat,  oats,  and  other  cereals.  These  require 
altogether  some  four  waterings,  the  total  amount  of  water  used  vanning  with 
situation,  season,  &c.,  but  a  fair  average  for  a  cereal  crop  would  be  aoout  seven 
hundred  tons  of  water  per  acre. 

Of  summer  crops,  potatoes  form  tbe  most  important,  but  peas,  beans,  and 
many  others  are  grown.  These  are  planted  in  wet  ground,  but  no  more  water  is 
given  till  the  plants  are  up,  as  otherwise  a  hard  cake  of  soil  is  formed  above  them, 
through  which  the  young  plants  cannot  force  their  way. 

Generally  speaking,  the  great  secret  of  success  seems  to  lie  in  thoroughly 
breaking  up  the  soil  between  each  watering,  and  the  crops  are  planted  (except  in 
the  case  of  cereals,  &c.)  in  such  a  way  as  to  facilitate  this. 


JOHANNESBURG. 
rUESDAY,  AUiWST  29. 

The  President  delivered  his  Address  (see  p.  5(32),  after  which  the  following 
Papers  were  read : — 

1.  The  Fossil  Floras  of  South  Africa.     By  A.  C.  Seward,  M.A,,  F.R.S. 

The  author  gave  a  general  account  of  the  composition  of  the  floras  characteristic 
of  the  Lower  Karroo,  Stormberg,  and  Uitenhoge  series.  He  referred  more 
especially  to  the  desirability  of  searching  for  petrified  specimens  for  the  purpose  of 
microscopical  examination,  and  of  obtaining  fertile  examples  of  many  of  the  genera 
already  described.  The  paper  was  read  primarily  for  the  purpose  of  drawing 
attention  to  gaps  in  our  knowledge  and  to  the  chief  desiderata  from  the  point  of 
view  of  those  interested  in  the  subject  of  palaeo-botany.^ 


2.  Recent  Infortnation  concerning  South  African  Ferns  and  their 
Distribution,     By  T.  R.  Sim. 


*  For  a  detailed  account  of  Fossil  Floras  of  South  Africa  and  for  a  list  of  literature 
see  AntuUs  of  the  South  African  Museum,  vol.  iv.  1903.  Digitized  by  GoOqIc 
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WEDNESDAY,  AUGUST  30. 
The  following  Papers  and  Reports  were  read  : — 

1.  Botanical  Photographs  as  Aids  to  Ecological  Research, 
By  Professor  F.  E.  Weiss,  D.Sc.,  F.L.S. 

The  impetus  Riven  to  the  study  of  plant-associations  by  Warming's  classical 
work  on  tne  ecological  distribution  of  plants  has  been  particularly  noticeable  in 
Great  Britain,  where  quite  a  number  of  botanists  have  undertaken  systematic 
surveys  of  the  vegetation  of  various  districts,  and  good  progress  has  already  been 
made  in  the  botanical  survey  of  Scotland  and  the  Isorth  of  England.    There 
is  no  doubt,  however,  that  the  mapping  of  the  vegetation  of  these  regions,  useful 
as  it  is,  requires  to  be  supplemented  Dy  a  detailed  study  of  the  ecological  factors 
governing  the  local  distribution  of  plants,  and  this  fact  has  not  been  lost  sight  of 
by  those  who  have  been  engaged  in  the  work.    In  this  connection  it  is  essential  to 
obtain  accurate  records  of  the  aspect  and  distribution  of  the  vegetation  at  various 
altitudes,  on  different  geological  formations,  and  under   varying  conditions  of 
drainage,  illumination,  moisture,  &c.    This  can  be  done  moat  efficiently  by  good 
phot(^Tapbs,  and  the  recently  established  Committee  for  the  survey  and  study  of 
British  vegetation,  realising  the  necessity  for  such  photographs,  have  decided  to 
establish  a  collection  of  sudi  ecological  photographs  in  furtherance  of  their  work. 
Some  ]^hotographs  of  this  nature  are  already  included  in  the  wider  scheme  for  the 
collection  and  preservation  of  photographs  of  botanical  interest  established  two 
years  ago  by  the  British  Association,  and  it  is  to  be  hoped  that  the  two  collections 
will  be  made  supplementary  one  to  the  other.    The  value  of  photography  for  work 
of  this  kind  is  undeniable.    It  has  already  been  used  with  exodlent  results  by 
Schimper  in  his  'Plant  Geography,'  and  that   such  photographic  representa- 
tions of  plants  are  coming  into  favour  for  teaching  purposes  is  attested  by  the 
success  of  Earsten  and  Schenk's  '  Vegetationsbilder/  and  by  the  excellent  photo- 
graphic reproductions  issued  by  Hansen  as  diagrams  illustrating  the  geographical 
distribution  of  plants.    The  advance  made  b^  the  use  of  such  photojpraphic  repro- 
ductions for  book-  and  class- illustration  is  evident  on  comparing  the  issues  referred 
to  with  the  illustrations  of  some  of  the  older  books  dealing  with  kindred  subjects. 
Not  only  does  photography  give  the  most  truthful  representation  of  plant  form, 
but  it  can  be  made  to  show  the  aspect  of  the  surroundings  to  which  any  plant,  or 
group  of  plants,  has  become  adapted.    It  shows  the  relative  abundance  or  sparse- 
ness  of  the  vegetation  in  any  given  locality,  and  gives  a  clear  idea  of  the  features 
of  any  plant-association,  exhibiting  the  dominant  form,  or  forms.    Of  course,  all 
these  points  cannot,  as  a  rule,  be  clearly  shown  on  one  photograph,  and  it  becomes 
therefore  necessary  in  most  cases  to  have  several  views.     It  is  more  particularly 
desirable  to  have  a  detailed  photograph  of  each  member  of  a  plant-association,  ais 
well  as  of  the  association  as  a  whole. 

Plant  photography  can,  however,  be  usefully  employed  in  the  study  of  other 
subjects  than  geographical  distribution.  Photographs  have  already  been  in  use 
.for  some  time  past  for  the  representation  of  the  results  of  plant-breeding  where 
differences  of  form  and  habit  are  often  very  slight,  and  not  easily  represented  by 
other  than  photographic  means.  Photographs  are  equally  applicable  to  the  repre- 
sentation of  abnormal  growths,  whether  pathological  or  teratological.  On  the 
Continent  they  have  been  used,  too,  in  recording  for  different  districts  any  trees  of 
particular  interest,  either  by  reason  of  their  ppreat  age  or  of  any  peculiarities  of 
growth.  This  kind  of  work,  due  to  the  initiative  of  Dr.  Conwentz,  has  resulted 
in  some  ver>'  beautiful  publications  by  various  Governments  and  public  authorities, 
and  their  example  might  well  be  followed  by  local  authorities  and  field  clubs  in 
Great  Britain. 

Even  for  cryptogam ic  work  photography  has  proved  of  great  use,  especially  in 
such  groups  as  the  lichens,  in  which  the  species  exhibit  a  great  variety  of  habit. 
But  in  other  groups,  such  as  algo)  and  liverworts  particularly,  considerable  improve- 
ment may  be  made  in   the  representations  commonly  found  in  botanical  books. 
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There  is  a  considerable  field  still  for  the  scientific  photc^rapher,  and  it  is  hoped 
that  the  Committee  formed  for  the  collection  and  registration  of  photographs  will 
receive  continued  support.  To  the  teacher  and  worker  in  Great  Britain  it  will  be 
of  particular  help  to  know  what  photographs  of  colonial  plants  and  plant-associa- 
tions are  extant,  and  from  whom  copies  can  be  obtained.  Knowledge  of  this  kind 
the  Committee  is  anxious  to  obtain  and  to  circulate. 


2.  Report  on  tlie  Registration  of  Botanical  Photographs, 
See  Reports,  p.  226. 


3.  The  Climate  and  Life-Zones  of  the  Transvaal, 
By  Joseph  Burtt-Davy,  F,L.S.,  F.R.G,S.,  F.R.Met.Soc. 

Though  situated  between  22^  and  28°  south  latitude,  the  climate  of  at  least 
four-fifths  of  the  Transvaal  is  not  tropical,  owing  to  its  high  altitude.  The  mean 
annual  temperature  is  about  66*3°  F.  at  the  highest  altitudes,  rising  in  the  ratio  of 
about  ttoo  oegrees  per  thousand  feet  of  desceut.  The  climate  is  characterised  by 
extremes  of  temperature,  hot  days  and  cold  nights,  with  sharp  winter  frosts  (2^ 
of  frost  has  been  registered).  It  is  a  region  of  periodic  drought,  which  lasts  for 
about  six  months;  the  dry  and  the  cold  seasons  are  concurrent,  so  that  there  is 
only  one  dormant  season.  The  mean  annual  rainfall  is  about  28  inches,  but  as 
the  sprinfi^  rains  begin  late  in  the  season,  and  are  very  intermittent  in  character, 
the  growinfj^  season  is  too  short  for  many  tropical  crops. 

The  main  topopaphical  features  are  a  mountain  range  near  the  eastern  border, 
only  about  100  miles  from  the  coast,  rising  to  an  altitude  of  about  8,000  feet,  and 
a  central  plateau  from  3,000  to  6,000  feet  above  sea-level. 

The  difierences  in  altitude  produce  differences  in  climate  and  vegetation. 
These  appear  to  fall  naturally  into  three  zones : — 

1.  The  High  Veld,  ranging  from  6,000  to  4,000  feet  altitude. 

2.  The  Middle  Veld,    „         „    4,000  to  1,600    „        „ 

3.  The  Low  Veld,        „         „    1,500  to    600    „        „ 

The  Low  Veld  is  a  dry,  tropical  savannah  region,  well  wooded,  and  free  from 
froEt,  except  occasionally  along  the  river  bottoms,  which  will  produce  crops  the 
year  round  where  the  lack  of  winter  rain  can  be  replaced  by  irrigation.  It  pro< 
duces  the  baobab,  cassava,  sugar-cane,  cotton,  tobacco,  pearl  millet,  teosinte, 
avocado  pear,  custard  apple,  and,  on  the  coast,  the  cocoanut.  Hippopotami, 
crocodiles,  lions,  pythons,  and  maambas  are  characteristic  animals.  It  is  the  home 
of  the  M'Sutu,  Shagaan,  and  Zulu.  It  is  an  unhealthy  region,  owing  to  malarial 
and  black- water  fevers.  East-coast  tick- fever  and  horse-sickness  cause  serious  loss 
among  stock. 

The  Hi^h  Veld  is  a  treeless,  grassy  plateau,  characterised  by  a  short  growing 
season,  owing  to  late  spring  rains  and  early  frosts  in  autumn,  which  prevent  the 
cultivation  of  perennial  tropical  crops.  Maize,  Kaffir  com  and  potatoes,  in 
summer ;  and  wheat,  barley  and  oats,  in  winter,  under  irrigation,  are  the  staple 
crops ;  lucerne,  sainfoin,  and  fescue  gross  do  well ;  peaches  are  grown  at  every 
farmhouse ;  apples,  pears,  clierries,  and  grapes  do  well  in  certain  localities.  It  is 
a  healthy  r^on  for  human  beings  and  stock ;  malarial  fever,  horse-sickness,  and 
East-coast  tick-fever  are  almost  unknown.  Merino  sheep  do  well  in  the  eastern 
districts  and  Persian  sheep  and  Angora  goats  in  the  western. 

The  Middle  Veld  is  really  intermediate  between  the  other  two  zones.  It  is 
covered  with  acacia  '  bush  '  and  low  trees,  with  intervening  open  grassy  places.  It 
is  in  the  main  a  good  cattle  country,  but  is  at  present  infected  with  East-coast  tick« 
fever.  Perman  sheep  and  Kaffir  goats  thrive,  but  merinos  do  not  do  so  well.  Some 
inalarial  fever  oocnrs  in  certain  districts,  but  as  a  rule  it  is  a  healthy  region.  The 
ninfall  is  lower  than  on  most  of  the  High  Veld.    Sharp  frosts  occur  in  winter 
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alon^  the  streams  and  on  the  open  fiata,  but  the  winter  season  is  shorter  than  on 
the  High  Veld,  and  tobacco,  citrus  fruits,  mangoes,  pineapples  and  pawpaws,  gife 
excellent  results  in  sheltered  situations.  Muze,  pearl  millet,  and  Kaffir  com  are 
gruwu  on  the  open  flats.     Sweet  potatoes,  ^ea-nuts,  and  castor  beans  do  'well. 

The  High  Veld  is  subdi  video  into  moisture  belts.  The  greatest  humidity  is 
found  in  a  narrow  strip  on  the  eastern  slope  of  the  Drakensberg,  where  the  rain- 
fall is  from  66  to  40  inches,  and  damp  mists  occur  even  in  winter.  This  belt  is 
said  to  be  '  humid  all  the  year  round,'  and  is  known  as  the  '  mist  belt* ;  it  pro- 
duces filmy  ferns,  Hepaticse,  epiphytic  ferns  and  orchids,  and  such  evergreen  trees 
as  PodocarpuSf  Xi/malos,  and  other  species  characteristic  of  the  forests  of  the  eastern 
districts  of  Cape  Colony. 

Passing  either  east  or  west  of  this  '  mist  belt '  the  rainfall  rapidly  diminishes ; 
it  is  only  28  inches  on  the  Portuguese  frontier,  at  the  Lebombo  Range. 

West  of  the  Drakensberg  there  is  a  gradual  diminution  in  rainfall  passuiig 
towards  the  Kalahari  Desert.  Tnis  produces  differences  in  natural  vegetation  and 
in  crop- producing  capacity,  but  owing  to  the  general  uniformity  in  topography  it 
is  at  present  difficult  to  delimit  the  belts. 

East  of  an  irregular  line  drawn  <>ome  where  in  the  neighbourhood  of  Wit  bank 
and  Heidelberg  the  rainfall  appears  to  range  from  36  to  30  inches.  This  belt  is 
generally  spoken  of  as  the  *  Eastern  Transvaal.* 

From  the  western  edge  of  this  belt  to  a  line  drawn  somewhere  near  Potchef- 
stroom,  or,  roughly  speaking,  in  the  Witwatersrand  and  Pretoria  districts,  the 
mean  rainfall  is  lower  than  that  of  the  eastern  belt  and  probably  ranges  from  30  to 
26  inches.    This  may  be  known  as  the  *  Witwatersrand  belt.* 

West  of  Klerksdorp  lies  yet  another  belt,  still  drier  in  character,  and  with  a 
markedly  different  flora ;  full  data  are  not  yet  available,  but  the  rainfall  will  pro- 
bably be  found  to  average  from  26  to  16  inches.  This  belt  appears  to  end  at 
libout  the  western  border  of  the  Transvaal,  where  it  passes  into  the  Kalahari  region 
proper.     It  is  generAlly  spoken  of  as  the  *  South-western  Transvaal.* 


4.  Bacteria  as  Agents  in  tlie  Oxidation  of  Amorp1u>u8  Carbon, 
By  Professor  M.  C.  Potter,  M.A,,  F.L.S, 

According  to  present  knowled^re,  amorphous  carbon  is  only  available  as  a  source 
of  plant  food  after  its  union  with  oxygen  in  the  process  of  combustion.  The  author's 
investigations  have  proted  that  under  the  action  of  certain  bacteria  a  slow  oxida- 
tion of  amorphous  carbon  takes  place,  CO,  is  evolved,  and  the  carbon  can  be  at 
once  utilised  for  the  nutrition  ot  green  plants.  This  leads  to  a  consideration  of 
the  possibility  that  the  vast  supplies  of  carbon  locked  up  in  the  world*s  coal-fields 
may  be  rendered  available  for  plant  life  without  the  intervention  of  direct  com- 
bustion. 

Peculiar  difficulties  were  experienced  in  dealing  with  the  sterilisation  of  the 
carbou  substances  employed  and  the  removal  of  CO,,  but  after  repeated  ex]>eri- 
ments,  and  the  adoption  of  special  precautions  for  tbe  elimination  of  possible 
sources  of  error,  it  has  been  demonstrated  that  charcoal  undergoes  slow  oxidation 
under  the  action  of  a  soil  bacterium.  This  has  been  shown  by  passing  a  stream 
of  air  carefully  deprived  of  all  traces  of  CO,  over  the  charcojfil  and  through  a 
Pettenkofer's  tube  contnining  baryta  water,  the  presence  of  CO,  being  detected  by 
titration  against  oxalic  acid.  The  control  experiments  with  charcoal  under  sterile 
conditions  showed  no  evolution  of  CO,.  Commercial  wood-charcoal  is  seldom 
sufficiently  charred.  Hence  before  being  employed  it  was  always  subjected  to  a 
temperature  of  about  1200^  in  a  metallurgical  furnace.  This  treatment  served  to 
drive  away  all  remaining  volatile  compounds  and  render  tbe  carbon  amorphous ; 
at  the  same  time  the  entAugled  oxygen  would  be  mainly  converted  into  CO  and 
the  calcium  salts  into  the  oxide. 

The  oxidation  has  been  confirmed  by  the  detection  ci  oakdum  eavboaato  in  tba 
charcoal  exposed  to  the  influence  of  toe  bacterium,  and  by  the  complete  absppoe 
of  this  salt  in  the  control  flasks.    A  further  confirmation  is  found  in  the  fact  that 
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charcoal  exposed  to  the  influence  of  the  bacterium  showed  a  rise  of  temperature 
above  that  of  the  control. 

The  reeults  obtained  from  the  charcoal  were  in  complete  accordance  with  a 
parallel  series  of  experiments  in  which  lampblack — ^treated  for  fourteen  days  with 
aqua  regia — was  used  as  the  source  of  carbon. 

In  another  set  of  experiments  ordinary  coal  was  subjected  to  the  acUon  of  the 
same  bacterium,  and  found  to  undergo  oxidation. 

Incidentally  the  inquiry  throws  some  light  upon  the  formation  and  decomposi- 
tion of  coal.  It  is  clear  that  the  ordinary  process  of  decay,  suspended  through 
untold  years,  is  resumed  by  the  agency  of  bacteria  or  other  saprophytic  organisms 
when  the  necessary  conditions  of  air,  temperature  and  moisture  are  present. 


5.  Xote  on  the  ZHisipation  of  Absorbed  Solar  Eadiation  by  Xerophilous 
Plants.    By  Horace  T.  Bbowh,  LL.D,,  F.K,S. 


6.  Some  Problems  of  Heredity,    By  R.  P.  Gregory,  MA. 

In  view  of  the  results  obtained  by  Darwin,  Scott,  Hildebrandi  and  others,  it 
seemed  likely  that  the  characters  of  long  and  short  style,  well  known  in  the 
Primulaceae,  might  have  a  Mendelian  inheritance.  Experiments  carried  out  by 
Mr.  Bateson  and  the  writer  have  shown  that  this  is  the  case  in  Primtda  Sinensis, 
the  short  style  being  dominant,  the  long  recessive.  The  inheritance  is  usually  of 
the  simplest  Mendelian  type.  Some  irregularities  occurred,  which,  in  view  of  the 
general  trend  of  the  evideiibe,  we  incline  to  regard  as  fortuitous.  In  addition  to 
those  cases,  however,  which  can  be  so  regarded,  certain  quite  anomalous  results 
occurred  in  the  families  raised  from  one  individual  short-styled  plant  This  plant 
and  one  of  its  offspring  used  as  the  ^  parent  produced  184  short-styled  and  only 
8  long>styled  plants.  The  same  plants  used  as  $  parents  produced  34  short-styled 
and  32  long-styled  plants. 

In  addition  to  the  above  experiments,  an  attempt  was  made  to  investigate 
certain  possibilities  respecting  the  consequences  of  legitimate  and  illegitimate 
unions.  Darwin  hss  shown  that  in  Primula  more  seeds  are  set  when  plants  with 
dissimilar  styles  are  united  (legitimately)  than  in  illegitimate  unions.  In  the  latter 
case  it  became  apparent  that  some  egg-cells  are  capable  of  illegitimate  fertilisation, 
while  others  are  not.  This  fact  suggested  that  there  might  be  a  differentiation 
among  the  ovules.  To  test  this  possibility  we  made  a  large  number  of  trials, 
pollinating  some  flowers  legitimately,  some  illegitinAitely,  others  with  both  kinds 
of  pollen.  We  anticipated  that,  if  differentiation  exists,  it  would  be  revealed  by 
the  production  of  a  maximum  number  of  seeds  by  the  flowers  which  had  under- 
gone double  pollination. 

This  series  of  experiments  has,  however,  led  1o  no  definite  conclusion.  They 
were  carried  on  through  two  seasons,  and  a  very  large  number  of  pollinations 
were  made,  both  on  P,  Sinensis  and  P.  acaulis,  but  the  resulting  figures  are  so 
discrepant  that  no  answer  can  be  given  to  the  question  proposed. 


7.  Infection  Phenomena  in  various  Uredinece, 
By  I.  B.  Pole  Evans,  B.A.,  B.Sc, 

Infection  by  means  of  uredospores  in  the  different  species  of  Puccinia  is  of  a 
very  definite  nature  in  each  species. 

It  involves  two  distinct  steps :  (a)  inoculation,  which  includes  the  sweUingup  of 
the  tip  of  the  germ  tube  over  the  external  aperture  of  the  stoma  to  form  an 
appreseorium,  from  which  a  narrow  branch  is  given  off,  which  passes  down 
through  the  stoma  and  swells  out  into  a  definitely  shaped  vesicle,  the  subatomatal 
vesicle;  and   {b)  infection,  which  entails  the   growth   out  of  this  subittomatal 
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vehicle  of  one  or  more  infecting  bjph^,  which  at  once  form  haustoria  in  the  Grst 
cells  with  which  they  come  into  contact. 

The  substomatal  vesicle  is  always  of  the  same  shape  and  character  in  the  same 
species,  but  differs  very  strikipgly  in  the  diffeivnt  s]>ecies,  both  in  shape  and 
cnaracter,  so  that  it  is  possible  to  identify  mycelia  which  resemble  one  another 
very  closely  by  tracing  them  back  to  their  infection  vesicles. 

The  infection  phenomena  of  Puccinia  glumarum^  F,  digpersa,  P.  Symphyti- 
Bromorumi  P.  Fhlei  pratensUf  P.  simplex  and  P.  coron\fera  were  descriMd  in 
detail, 


8.  On  our  Knowledge  of  South  African  Succulents. 
•  By  Dr.  8.  SchOnlakd. 


9.  Finger-and-Toe  (Plasmodiophora  Bi*a88icsd.) 
By  George  Potts,  B.Sc.^  Ph.D. 

This  paper  comprises  part  of  the  results  of  experiments  conducted  at  Newcastle- 
on-Tyne  and  IIalle-a.-d.-Saale  between  October  1890  and  July  1002.  The  work 
was  carried  out  under  Professor  Potter  and  Professor  Klebs  respectively,  and  to 
both  the  author  wishes  to  express  thanks  for  valuable  guidance  and  many  useful 
suggestions.  He  had  originally  intended  to  give  a  full  account  of  the  whole 
investigation!  but  considerations  of  time  and  space  prevented  this.  He  therefoie 
had  to  confine  himself  to  a  few  points,  and  in  making  the  B«)lection  chose  those 
which  hinge  on  the  action  of  calcium  compounds  in  preventing  the  disease. 

It  is  snown  that  the  reaction  of  the  soil  has  an  enormous  influence  on  the 
activity  of  the  fungus.  Thus  acids,  cy.,  sulphuJic,  phosphoric,  and  acetic, 
encourage  it ;  while  alkaline  substances,  e^,,  quicklime,  sodium  carbonate,  and 
caustic  potash,  check  it,  and  if  sufficiently  strong  entirely  prevent  it.  It  is 
demonstrated  that  in  alkalinity  we  have  a  means  of  preventing  tne  disease,  because 
the  strength  required  to  stop  the  active  development  of  Flaimodiophora  BrauictB 
causes  no  perceptible  injury  to  the  plants. 

The  various  modes  of  action  which  have  been  attributed  to  calcium  compounds 
in  sometimes  preventing  the  disease  ore  discussed  in  detail.  By  soil  analyses 
and  pot  experiments  it  is  shown  that  the^  soil  calcium  has  not  necessarily  any 
relation  to  the  disease.  Further,  any  material  manurial  or  poisoning>influence  is 
repudiated.  Where  calcium  compounds  are  an  influential  preventive  when 
applied  a  season  or  more  before  the  crop  is  taken,  it  b  shown  that  the  action  is 
very  probably  due  to  indirectly  strengthening  the  plant  by  virtue  of  those  well- 
known,  but  perhaps  imperfactly  understood,  inter-related  mechanical,  chemical, 
and  biological  efiects  of  the  soil.  On  the  other  hand,  when  they  are  ^ective  when 
applied  about  the  time  of  sowing,  their  effect  is  due  to  the  reaction  produced.  It 
is  suggested  that  in  practice  the  best  results  will  probably  be  obtained  by  combin* 
ing  the  medicinal  and  reaction  effects. 


10.  A  Revised  List  of  the  Indigenous  Plants  of  NaJUd, 
By  J.  Medley  Wood. 


11.  Report  on  Rasperimental  Studies  in  the  Physiology  of  Heredity, 
See  Reports,  p.  226. 
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Section  L. -EDUCATIONAL  SCIENCE. 

President    op  tub    Section— Sir  Richard  C.  Jedb,   O.M.,   Litt.D., 

D.C.L.,  M.P. 


CAPE  TOWN. 
WEDNESDAY,  AUGUST  1(J. 
The  President  delivered  the  following  Address  :-=^ 

Univ&rsity  JSduccUion  and  National  Life, 

Evebt  country  has  educational  problems  of  its  own,  intimately  dependent  oil 
it^  social  and  economic  conditions.  The  progressive  study  of  education  tendSi 
indeed,  towards  a  certain  amount  of  general  agreement  on  principles.  But  the 
crucial  difficulties  in  framing  and  adniinieteriDg  educational  measures  are  Tery 
largely  difficulties  of  detail;  since  an  educational  sjstem,  if  it  is  to  be  workable, 
must  be  more  or  less  accurately  acyusted  to  all  the  complex  circumstances  of  a 
given  community.  As  one  of  those  who  are  now  visiting  South  Africa  for  the 
first  time,  I  feel  that  what  I  bring  with  me  from  England  is  an  interest  in  educa*- 
tion,  and  some  acquaintance  with  certain  phases  of  it  in  the  United  Kingdom ;  but 
with  regard  to  the  inner  nature  of  the  educational  questions  which  are  now  before 
this  country,  I  am  here  to  learn  from  those  who  can  speak  with  knowledge,  tn 
this  respect  the  British  Association  is  doing  for  me  very  much  what  a  famous 
bequest  does  for  those  young  men  whom  it  sends  to  Oxford ;  I  am,  In  fact,  a  sort 
of  Rhodes  scholar  from  the  other  end— not  subject,  happily^  to  an  age-limit-^ who 
will  find  here  a  delightful  and  instructive  opportunity  of  enlarging  his  outlook  on 
the  world,  and  more  particularly  on  the  field  of  education. 

As  usage  prescribes  that  the  work  of  this  Section,  as  of  others^  should  be 
opened  by  an  Address  from  the  Chair,  I  have  ventured  to  take  a  subject  suggested 
by  one  of  the  most  striking];  phenomena  of  our  time — the  crowing  importance  of 
that  part  which  Universities  seem  destined  to  play  in  the  fife  of  nations. 

Among  the  developments  of  Brilbh  intellectual  life  which  mat'ked  the 
Victorian  age,  none  was  more  remarkable,  and  none  is  more  important  to-day, 
than  the  rapid  extension  of  n  demand  for  University  education,  and  the  great 
increase  in  the  number  of  institutions  which  supply  it.  In  the  year  1832  Oxford 
and  Cambridge  were  the  only  Universities  south  of  the  Tweed,  and  their  positioli 
was  then  far.  from  satisfactory.  Their  range  of  studies  was  too  narrow ;  theit 
social  operation  was  too  limited.  Then,  by  successive  reforms,  the  quality  of  their 
teaching  was  improved,  and  its  scope  greatly  enlarged  ;  their  doors  were  opened 
to  classes  of  the  community  against  which  they  had  formerly  been  closed.  But 
meanwhile  the  growing  desire  for  higher  education — a  result  of  the  gradual  im^ 
provement  in  elementary  and  secondary  training — was  creating  new  institutions 
of  various  kinds.  The  earliest  of  these  arose  vvhile  access  to  Oxford  and  Cam- 
bridge was  still  restricted.    The  University  of  Durham  was  established  in  1838. 
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In  1836  the  Univeraltj  of  London,  aa  an  examining  and  degree-girin^  body^ 
received  its  first  charter.    A  series  of  important  Colleges,  giving  education  of  a 
University  type,  arose  in  the  gpreater  towns  of  England  and  Wales.  ^  The   next 
step  was  the  formation  of  fi^eral  Universities.     The  .Victoria  University,    id 
which  the  Colleges  of  Manchester,  Liverpool,  and  Leeds  were  associated,  received 
its  charter  in  1880.    The  Colleges  of  Aberystwyth,  Bangor,  and  Cardiff  -were 
federated   in  the  Univeruty  of  Wales,  which   dates  from    1893.      The   latest 
development  has  been  the  institution  of  the  great  urban  Universities.      The 
foundation  of  the  University  of  Birmin^rham  hastened  an  event  which  other  causes 
had  already  prepared.    The  federal  Victoria  University  has  been  replaced    by 
three    independent    Universities,  those    of  Manchester,  Liverpool,  and  Leeds. 
Lastly,  a  charter  has  recently  been  granted  to  the  University  of  Sheffield.     Then 
the   University  of  London  has  been  reconstituted ;   it  is  no   longer  only    sm 
Examining  Board ;  it  is  also  a  teaching  University,  comprisinir  a  number  of  reco^f- 
nised  schools  in  and  around  Jjondon.    Thus  in  England  and  Wales  there  are  now 
no  fewer  than  ten  teaching  Universities.     Among  the  newer  institutions  there  are 
some  varieties  of  type.     But,  so  far  as  the  new  Universities  in  great  cities  are 
concerned,  it  may  be  said  that  they  are  predominantly  scientific,  and  also  that 
they  devote  special  attention  to  the  needs  of  practical  life,  professional,  industrial, 
and  commercial ;  while  at  the  same  time  they  desire  to  maintain  a  hiffh  standard 
of  general  education.     It  may  be  observed  that  in  some  points  these  universities 
have  taken  hints  from  the  four  ancient  Universities  of  Scotland, — which  themselves 
have  lately  undergone  a  process  of  temperate  reform.    The  Scottish  Uniyersities 
are  accessible  t<>  every  class  of  the  community ;  and  the  success  with  which  they 
have  helped  to  mould  the  intellectual  life  of  a  people  traditionally  zealous  for 
education  renders  their  example  instructive  for  tne  younger  institutions.     With 
reference  to  the  provision  maoe  by  the  newer  Universities  for  studies  bearing*  on 
practical  life,  it  should  be  remarked  that  much  has  also  been  done  in  the  same  direc- 
tion by  the. two  older  Universities.    At  Cambridge,  for  example,  degTe<>s  can  be 
taken  m  Economics  and  associated  branches  of  Political  Science ;  in  Meclianbm 
and  Applied  Mechanics ;  and  in  Agricultural  Sciences.    It  certainly  cannot  now 
be  saia  that  the  old  Universities  neglect  studies  which  are  of  direct  utility,  though 
they  rightly  insist  that  the  basis  and  method  of  such  studies  shall  be  liberal. 

In  looking  back  on  the  general  course  of  this  whole  movement  in  England,  wo 
find  that  it  has  been  steady,  smooth,  and  fairly  rapid.  It  has  not  been  due  to  any 
spasmodic  impulse  or  artificial  propaganda,  but  has  been  the  result  of  natural 
forces  operating  throughout  the  nation.  Universities,  and  the  training  which  they 
give,  have  come  to  count  for  more  in  our  national  life  as  a  whole.  It  should  be 
noted  in  passing  that  the  mis^onary  movement  known  as  University  Extendon 
did  not  arise  in  the  first  instance  from  spontaneous  academic  action,  but  was  a 
response  to  public  appeals  from  without,  it  had  its  origiu  in  memorials  addressed 
to  the  University  of  CHmbridge,  in  1872,  by  various  public  bodies;  and  it  was  in 
compliance  with  those  memorials  that,  in  the  winter  of  1878,  the  first  courses  of 
Extension  lectures  were  organised  in  the  Midlands.  Another  fact  of  vital  signifi- 
cance in  the  movement  is  that  it  has  included  ample  provision  for  the  higher 
education  of  women. 

With  reference  to  the  present  position  and  prospects  of  the  higher  education 
in  South  Africa,  I  tried,  before  leaving  England,  to  acquaint  myself  with  at  least 
the  outlines  of  the  general  situation ;  but  it  is  only  with  great  diffidence  that  I  shall 
offer  a  few  observations  bearing  on  some  of  the  broader  aspects  of  the  question. 
I  trust  to  be  heard  with  indulgence  by  thoee  from  whom  (  shall  hope  to  learn 
more.  At  any  rate,  I  can  truly  say  that  the  question  seems  to  me  one  of  the 
deepest  interest  and  of  the  gravest  importance.  Indeed,  it  does  not  require 
much  insight  or  imagination  to  apprehend  the  greatness  of  the  issues  that  are 
involved. 

.  In  the  first  place,  it  would  be  correct,  if  I  am  not  mistaken,  to  say  that  in 
South  Africa  at  large  there  is  a  genuine  and  a  keen  desire  for  efficient  education 
of  the  highest  type.  A  sound  liberal  education  is  desired  for  all  who  can  profit 
hy  it)  whatever  their  future  callings  are  to  be.    Bat  the  practical  and  immediate 
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peed  for  the  orgaaisiiig  of  the  highest  teaching  is  felt,  I  belieye,  more  particularly 
in  regard  to  Uiree  great  profeesione — the  profession  of  Engineering  in  all  its 
branches ;  the  profession  of  Agriculture  (including  Forestry) ;  and  the  profession 
of  Education  itself,  on  which  the  intellectual  future  of  South  Africa  must  so 
laigely  and  directly  depend.  That  the  interest  in  the  higher  instruction  is  so  real 
must  be  regarded  as  the  best  tribute  to  the  eilbrts  of  those  able  and  devoted  men 
who,  in  Tarious  parts  of  this  land,  have  laboured  with  dauntless  perseverance  for 
the  improvement  of  primarv  and  secondary  education.  UnRtinted  gratitude  is 
due  also  to  the  University  of  the  Cape  of  Good  Hope.  It  is  acknowledged  on  all 
hands  that  the  University,  as  the  chief  guardian  of  learning  in  South  A  fries , 
has  done  admirable  work  in  maintaining  a  high  standard  of  general  education. 
Certainly  it  cannot  be  regarded  as  any  disparagement  of  that  work  if,  as  seems  to 
be  the  case,  a  widespread  desire  exists  that  South  Africa  should  possess  an  institu- 
tion, or  institutions,  of  University  rank,  which,  besides  examining,  should  alsj 
teach.  That  is  a  natural  progress,  which  is  illustrated  by  the  recent  reconstitution 
of  the  London  University  itself.  I  am  not  qualilGied,  nor  should  I  desire,  to 
discuss  the  various  diificulties  of  detail  which  surround  the  Question  of  a  teaching 
University.  That  question  is,  for  South  Africa,  an  eminently  practical  one ;  and 
doubtless  it  will  be  solved,  possibly  at  no  distant  time,  by  tht^se  who  are  most 
competent  to  deal  with  it.  1  will  only  venture  to  say  a  few  words  on  some  of  the 
more  general  aspects  of  the  matter. 

The  primary  needs  of  daily  life  in  a  new  country  make  demands  for  certain 
forms  of  higher  training — demands  which  may  be  unable  to  wait  for  the  develop- 
ment of  anything  so  complex  and  costly  as  a  teaching  University.  It  is  neceesary 
to  provide  a  training  for  men  who  shall  be  able  to  supervise  the  building  of  houses, 
the  making  of  roads,  bridges,  and  railways,  and  to  direct  skilled  labour  in  various 
useful  arta  and  handicrafts.  The  first  step  in  such  a  provision  is  to  establish  tech- 
nical schools  and  institutes.  Germany  is,  I  suppose,  the  country  where  the 
educational  possibilities  of  the  technical  school  are  realised  in  the  amplest  measure. 
In  Germany  the  results  of  the  highest  education  are  systematically  brought  to 
bear  on  all  the  greater  industries.  But  this  highest  education  is  not  given  only  in 
completely  equinped  Universities  which  confer  degrees.  It  is  largely  given  in 
the  mstitutions  known  as  Technical  High  Schools.  In  these  schools  teaching  of 
a  University  standard  is  given,  by  professors  of  University  rank,  in  subjects  such 
as  Architecture,  various  branches  of  Engineering,  Chemistry,  and  General  Tech- 
nical Science.  There  are,  I  think,  some  ten  or  eleven  of  these  Technical  High 
Schools  in  Germany.  In  these  Institutions  the  teaching  of  the  special  art  or 
science,  on  i's  theoretical  side,  is  carried,  I  believe,  to  a  point  as  high  as  could  be 
attained  in  a  University  ;  while  on  the  practical  side  it  is  carried  beyond  the  point 
which  in  a  University  would  usually  be  possible.  In  England  we  have  nothing, 
I  believe,  which  properly  corresponds  to  the  German  Technical  High  School ;  but 
we  may  expect  to  see  some  of  the  functions  of  such  a  school  included  among  the 
functions  of  the  new  Universities  in  our  great  industrial  and  commercial  towns. 

Now  Technical  Schools  or  Institutes,  which  do  not  reach  the  level  of  a  German 
Technical  High  School,  may  nevertheless  be  so  planned  as  to  be  capable  of  being 
further  developed  as  parts  of  a  great  teaching  University.  And  the  point  which  I 
now  wish  to  note  is  this — that  the  higher  education  given  in  a  Technical  Institute 
which  is  only  such,  will  not  be  quite  the  same  as  that  given  in  the  corresponding 
department  of  a  teaching  University.  University  education,  as  such,  when  it  is 
efhcient,  has  certain  characteristics  which  differentiate  it  from  the  training  of  a 
specialiBt,  however  high  the  level  of  the  teaching  in  the  special  subject  may  be. 
Here,  however,  I  pause  for  a  moment  to  guard  against  a  possible  misconception. 
I  am  not  suggesting  that  the  specialist  training  given  in  a  technical  institute 
though  limited,  is  not  an  excellent  thing  in  itself;  or  that,  in  certain  conditions  and 
circumstances,  it  ia  not  desirable  to  have  such  a  training,  attested  by  a  diploma  or 
certificate,  instead  of  aiming  at  a  University  standard  and  a  University  degree. 
Universities  themselves  recognise  this  fact.  They  reserve  their  degrees  for  those . 
who  have  had  a  University  training ;  but  they  also  grant  diplomas  for  proficiency 
in  certain  special  branches  of  knowledge.     Cambridge,  for  instance,  gives  ^a 
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diploma  in  the  Science  and  Practice  of  Agricultare ;  and  the  examinations  for  tli« 
diploma  are  open  to  persons  who  are  not  members  of  the  University. 

But  the  University  training,  whatever  its  subject,  ought  to  give  something 
which  the  puroly  specialist  training  does  not  give.  What  do  we  understand  hy 
a  University  education?  What  are  its  distinctive  characteristics?^  The  word 
UniversitaSf  as  jou  know,  is  merely  a  general  term  for  a  corporation,  specially 
applied  in  the  Middle  Ages  to  a  body  of  persons  associated  for  purposes  of  Btady, 
who,  by  becoming  a  corporation,  acquired  certain  immunities  and  priviieigee. 
Though  a  particular  University  might  be  strongest  in  a  particular  faculty,  «s 
Bologna  was  in  Law  and  Paris  in  Theology,  yet  it  is  a  traditional  attribute  of  such 
a  body  that  several  diHerent  branches  of  higher  stud^  shall  be  represented  in  it. 
It  is  among  the  distinctive  advantages  of  a  University  that  it  brings  together  in 
one  place  students — by  whom  I  mean  teachers  as  well  as  learners — of  various 
subjects.  By  doing  this  the  Univeraity  tends  t*)  produce  a  general  bread lli  of 
intellectual  interests  and  sympathies;  it  enables  the  specialist  to  acquire  some 
sense  of  the  relations  between  his  own  piirsuit  and  other  pursuits ;  he  is  helped  to 
perceive  the  lai^ness  of  knowledge.  But,  besides  bringiog  t«)gether  students  of 
various  subjects,  it  is  the  business  of  a  University  to  see  that  each  subject  shall  be 
studied  in  such  a  manner  as  to  afford  some  general  discipline  of  the  mental 
faculties.    In  his  book  on  *  The  Idea  of  a  University  *  Newman  says : — 

'  This  process  of  training,  by  which  the  intellect,  instead  of  being  formed  or 
sacrificed  to  some  particular  or  accidental  purpose,  some  specific  trade  or  pro- 
fession, or  studj  or  science,  is  diuciplined  for  its  own  sake,  for  the  perception  of  its 
own  proper  object,  and  for  its  own  highest  culture,  is  called  liberal  Education ; 
and  though  there  is  no  one  in  whom  it  is  carried  as  far  as  is  conceivable,  or  whose 
intellect  would  be  a  pattern  of  what  intellects  should  bo  made,  yet  there  is  scarcely 
anyone  but  may  gain  an  idea  of  w^hat  real  training  is,  and  at  least  look  towards 
it,  and  make  its  true  scope  and  result,  not  something  else,  his  standard  of 
excellence ;  and  numbers  there  are  who  may  submit  themselves  to  it  and  secure  it 
to  themselves  in  good  measure.  And  to  set  forth  the  right  standard,  and  to 
train  according  to  it,  and  to  help  forward  all  students  towards  it  according  to 
their  various  capacities,  this  I  conceive  to  be  the  business  of  a  University.' 

It  may  be  granted  that  the  function  of  a  University,  as  Newman  here  describes 
it,  is  not  always  realised ;  Universities,  like  other  human  institutions,  have  their 
failures.  But  liis  words  truly  express  the  aim  and  tendency  of  the  best  University 
teaching.  It  belongs  to  the  spirit  of  such  teaching  that  it  should  nourish  and 
sustain  ideals ;  and  a  University  can  do  nothing  better  for  its  sons  than  that ;  a  vision 
of  the  ideal  can  guard  monotony  of  work  from  becoming  monotony  of  li'e.  But  there 
is  ^et  another  element  of  University  training  which  must  not  be  left  out  of  account 
it  ]s,  indeed,  among  the  most  vital  of  all.  I  mean  that  informal  education  which 
young  men  give. to  each  other.  Many  of  us,  probably,  in  looking  back  on  our 
undergraduate  days,  could  say  that  the  society  of  our  contemporaries  was  not  the 
least  powerful  of  the  educational  influences  which  we  experienced.  The  social  life 
of  the  Colleges  at  Oxford  and  Cambridge  is  a  most  essential  part  of  the  training 
received  there.  In  considering  the  questions  of  the  higher  education  in  South 
Africa  it  is  well  to  remember  that  the  social  intercourse  of  young  students,  under 
conditions  such  as  a  great  residential  University  might  provide,  is  an  instru* 
ment  of  education  which  nothing  else  can  replace.  And  it  might  be  added  that 
such  social  intercourse  is  also  an  excellent  thing  for  the  teachers. 

The  highest  education,  when  it  bears  its  proper  fruit,  gives  not  knowledge  only, 
but  mental  culture.  A  man  may  be  learned,  and  yet  deficient  in  culture ;  tnat  fact 
is  implied  by  the  word  'pedantry.'  'Culture,'  said  Huxley,  'certainly  meana 
something  quite  different  from  learning  or  technical  skill.  It  implies  the  posses- 
sion of  an  id^al,  and  the  habit  of  critically  estimating  the  value  of  things  by  a 
theoretic  standard.'  '  It  is  the  love  of  knowledge,'  savs  Henry  Stdgwick,^ '  the 
ardour  of  scientific  curiosity,  driving  us  continually  to  absorb  new  facts  and  ideas, 
to  make  them  our  own,  and  fit  them  into  the  living  and  growing  system  of  our 
thought ;  and  the  trained  faculty  of  doing  this,  the  alert  and  supple  intelligence 
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e&ercised  and  ccnttnaally  developed  in  doing  this — it  is  m  these  that  culture 
eesentially  lies.'  And  if  this  is  what  culture  really  means,  evidently  it  cannot  be 
regarded  as  something  superfine — as  an  intellectual  luxury  suited  only  for  people 
who  can  lead  lives  of  elegant  leisure.  Education  consists  in  organising  the 
resources  of  the  human  being;  it  seeks  to  give  him  powers  which  shaU  fit  him  for 
his  social  and  physical  world.  One  mark  of  an  uneducated  person  is  that  he  is 
embarrassed  by  any  situation  to  which  he  is  not  accustomed.  The  educated  person 
is  able  to  deal  with  circumstances  in  which  he  has  never  been  placed  before ;  he  is 
so,  because  he  has  acquired  general  conceptions;  his  imagination,  his  judgment, 
his  powers  of  intelligent  sympathy  have  been  developed.  The  mental  culture 
which  includes  such  attributes  is  of  inestimable  value  in  the  practical  work  of  life, 
and  especially  in  work  of  a  pioneer  kind.  It  is  precisely  in  a  country  which  pre- 
sents new  problems,  where  novel  difficulties  of  all  sorts  have  to  be  faced,  where 
social  and  political  questions  assume  complex  forms  for  which  experience  furnishes 
no  exact  parallels,  it  is  precisely  there  that  the  largest  and  best  gifts  which  the 
higher  education  can  confer  are  most  urgently  demanded. 

But  how  is  culture,  as  distinct  from  mere  knowledge,  to  be  attained  ?  The 
question  arises  as  soon  as  we  turn  from  the  machinery  ot  the  higher  education  to 
consider  its  essence  and  the  general  aims  which  it  has  in  view.  Culture  cannot 
be  secured  by  planning  courses  of  study,  nor  can  it  be  adequately  tested  by  the  most 
ingenious  system  of  examinations.  But  it  would  be  generally  allowed  that  a 
University  training,  if  it  is  really  successful,  ought  to  result  in  giving  culture,  over 
and  above  such  knowledge  as  the  student  may  acquire  in  his  particular  branch  or 
branches  of  study.  We  all  know  what  Matthew  Arnold  did,  a  generation  ago,  to 
interpret  and  dififuse  in  England  his  conception  of  culture.  The  charm,  the 
humour,  and  also  the  earnestness  of  the  essays  in  which  he  pleaded  that  cause 
render  them  permanently  attractive  in  themselves,  while  at  the  same  time  they 
have  the  historical  interest  of  markinj^  a  phase  in  the  progress  of  English  thought 
and  feeling  about  education.  For,  mdeed,  whatever  may  be  the  criticisms  to 
which  Arnold's  treatment  of  the  subject  is  open  in  detail,  he  truly  indicated  a 
ffreat  national  defect ;  and  by  leading  a  multitude  of  educated  persons  to  realise  it, 
he  helped  to  prepare  the  way  for  better  things.  Dealing  with  England  as  it  wns 
.  in  the  sixties,  ne  comphiined  that  the  bulk  or  the  well-to-do  classes  were  .devoid 
of  mental  culture — crude  in  their  perceptions,  insensible  to  beauty,  and  com- 
placently impenetrable  to  ideas.  If,  during  the  last  thirty  or  forty  years,  there 
nas  been  a  marked  improvement,  the  popular  influence  of  Matthew  Arnold's 
writings  may  fairly  be  numbered  among  the  contributory  causes,  though  other 
and  much  more  potent  causes  have  also  been  at  work.  When  we  examine 
Amold*s  own  conception  of  culture,  as  expressed  in  successive  essays,  we  find  that 
it  goes  through  a  process  of  evolution.  At  first  he  means  by '  culture '  a  knowledge 
and  love  of  the  best  literature,  ancient  and  modem,  and  the  influence  on  mind 
and  manners  which  flows  thence.  Then  his  conception  of  culture  becomes  enlarged ; 
it  is  now  no  longer  solely  or  mainly  aesthetic,  but  also  intellectual ;  it  includes 
receptivity  of  new  ideas ;  it  is  even  the  passion  for  <  seeing  tbiogs  as  they  really 
are.'  But  there  is  yet  a  further  development.  True  culture,  in  his  final  view,  is 
not  only  lesthetic  and  intellectual;  it  is  also  moral  and  spiritual:  its  aim  is, in 
his  phrase,  *  the  harmonious  expansion  of  all  the  powers  which  make  the  beauty 
and  worth  of  human  nature.'  But  whether  the  scope  which  Arnold,  at  a 
particular  moment,  assigned  to  culture  was  narrower  or  wider,  the  instrument  of 
culture  with  which  he  was  chiefly  concerned  was  always  literature.  Culture 
requires  us,  he  said,  to  know  ourselves  and  the  world ;  and,  as  a  means  to  this 
end,  we  must  'know  the  best  that  has  been  thought  and  said  in  the  world.'  By 
literature,  then — as  he  once  said  in  repl^  to  Huxley — he  did  not  mean  merely 
Mies  lettree ;  he  included  the  books  which  record  the  great  results  of  science. 
But  he  insisted  mainly  on  the  best  poetry  and  the  highest  eloquence.  In  com- 
paring science  and  literature  as  general  instruments  of  education,  Arnold  observed 
that  the  power  of  intellect  and  Jmow ledge  is  not  the  only  one  that  goes  to  the 
building-up  of  human  life ;  there  is  also  the  power  of  conduct  and  the  power  of 
beauty.    Literature,  he  said,  serves  to  bring  knowledge  into  relation  with  our 
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sense  for  conduct  and  our  sense  for  beauty.  The  greater  and  more  firuitfol  the 
progress  of  science,  the  greater  is  the  need  for  humane  letters  to  establish  and 
maintain  a  harmony  between  the  new  knowledge  and  thoee  profound,  unchangiog 
instincts  of  our  nature. 

It  is  not  surprising  that,  in  the  last  third  of  the  nineteenth  century,  Arnold's 
fascinating  advocacy  of  literature,  as  the  paramount  agency  of  culture,  should 
have  incurred  some  criticism  from  the  standpoint  of  science  and  of  philosophy. 
The  general  drift  of  this  criticism  was  that  the  claim  which  he  made  for  literature, 
though  just  in  many  respects,  was  carried  too  far ;  and  also  that  his  conception  of 
intellectual  culture  was  inadequate.  As  a  representative  of  such  criticism,  I 
would  take  the  eminent  philosopher  whose  own  deOnition  of  culture  has  already 
been  cited,  Henry  Sidgwick :  for  no  one,  I  think,  could  put  more  incisively  the 
particular  point  with  which  we  are  here  concerned.  '  Matthew  Araold*s  method 
of  seeking  truth,'  says  Sidgwick,  '  is  a  survival  from  a  pre-scientific  age.  He 
is  a  man  of  letters  pure  and  simple ;  and  often  seems  quite  serenely  unconscious  of 
the  intellectual  limitations  of  his  type.'  The  critic  proceeds  to  enumerate  some 
things  which,  as  he  affirms,  are  ^  quite  alien  to  the  habitual  thought  of  a  mere  man 
of  letters.*  They  are  such  as  these :  *  How  the  crude  matter  of  common  experi- 
ence is  reduced  to  the  order  and  system  which  constitutes  it  an  object  of  scientific 
knowledge  ;  how  the  precispst  possible  conceptions  are  applied  in  the  exact  appre- 
hension and  analysis  of  facts,  and  how  by  facts  thus  established  and  analysed  the 
conceptions  in  their  turn  are  gradually  rectified ;  how  the  laws  of  Nature  are 
ascertained  by  the  combined  processes  of  induction  and  deduction,  provisional 
assumption  and  careful  verification;  how  a  general  hypothesis  is  used  to  guide 
inquiry,  and,  after  due  comparison  with  ascertained  particulars,  becomes  an 
accented  theory ;  and  bow  a  theory,  receiving  further  confirmation,  takes  its  place 
finally  as  an  organic  part  of  a  vast,  living,  ever-growing  system  of  knowledge.' 
Sidgwick's  conclusion  is  as  follows  :  '  Intellectual  culture,  at  the  end  of  the  nine- 
teenth century,  must  include  as  its  most  essential  element  a  scientific  habit  of 
mind ;  and  a  scientific  habit  of  mind  can  only  be  acquired  by  the  methodical  study 
of  some  part  at  least  of  what  the  human  race  has  come  scientifically  to  know.' 

There  is  nothing  in  that  statement  to  which  exception  need  be  taken  by  the 
firmest  believer  in  the  value  of  literary  education.  The  more  serious  and  methodical 
studies  of  literature  demand,  in  some  measure,  a  scientific  habit  of  mind,  in  the 
largest  sense  of  that  expression ;  such  a  habit  is  necessary,  for  instance,  in  the 
Btudy  of  history,  in  tJie  scientific  study  of  language,  and  in  the  *  higher  criticism/ 
Nor,  again,  does  anyone  question  that  the  studies  of  the  natural  sciences  are 
intitruments  of  intellectual  culture  of  the  highest  order.  The  powers  of  observation 
and  of  reasoning  are  thereby  disciplined  in  mnnifold  ways ;  and  the  scientific  habit 
of  mind  so  formed  is  in  itself  an  education.  To  define  and  describe  the  modes  in 
which  that  discipline  operates  on  the  mind  is  a  task  for  the  man  of  science ;  it 
could  not,  of  course,  be  attempted  by  anyone  whose  own  training  has  been  wholly 
literary.  But  there  is  one  fact  which  may  be  noted  by  any  intelligent  observer. 
Many  of  our  most  eminent  teachers  of  science,  and  more  especially  of  science 
in  its  technical  applications,  insist  on  a  demand  which,  in  the  province  of  science, 
is  analogous  to  a  demand  made  in  the  province  of  literary  study  oy  those  who  wish 
such  study  to  be  a  true  instrument  of  culture.  As  the  latter  desire  that  literature 
should  be  a  means  of  educating  the  student's  intelligence  and  sympathies,  so  the 
teachers  of  science,  whether  pure  or  applied,  insist  on  the  necessity  of  cultivating 
the  i<cieutific  imagination,  of  developing  a  power  of  initiative  in  the  learner,  and 
of  drawing  out  his  inventive  faculties.  They  urge  that,  in  the  interests  of  the  - 
technical  industries  themselves,  the  great  need  is  for  a  training  which  shall  be 
more  than  technical — which  bhall  be  thoroughly  scientific.  Wherever  scientific 
and  technical  education  attains  its  highest  forms  in  institutions  of  University  rank„ 
the  aim  is  not  merely  to  form  skilled  ciaftsmen,  but  to  produce  men  who  can  con- 
tribute to  the  advance  of  their  respective  sciences  and  arts,  men  who  can  originate 
and  invent.  There  is  a  vast  world-competition  in  scientific  pro^press,  on  which 
industrial  and  commercial  progress  must  ultimately  depend  ;  and  it  is  of  national 
importance  for  every  country  that  it  should  have  men  who  are  not  merely 
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expert  in  things  already  known,  but  who  can  take  their  placee  in  the  forefront  of 
the  onward  march. 

But  meanwhile  the  claims  of  literary  culture,  as  part  of  the  general  higher 
education,  must  not  be  neglected  or  undervalued.  It  may  be  tlmt,  in  the  pre- 
scientific  age,  those  claims  were  occasionally  stated  in  a  somewhat  exaggerated  or 
one-sided  manner.  But  it  remains  as  true  as  ever  that  literary  studies  form  an 
indispensable  element  of  a  really  liberal  education.  And  the  educational  value  of 
good  literature  is  all  the  greater  in  our  day,  because  the  progress  of  knowledge 
more  and  more  enforces  early  specialisation.  Good  literature  tends  to  preserve 
the  breadth  and  variety  of  intellectual  interests.  It  also  tends  to  cultivate  the 
sympathies ;  it  exerts  a  humanising  influence  by  the  clear  and  beautiful  expression 
of  noble  thoughts  and  sentiments ;  by  the  contemplation  of  great  actions  and 
great  characters ;  by  following  the  varied  development  of  human  life,  not  only 
as  an  evolution  governed  by  certain  laws,  but  also '  as  a  drama  full  of  interests 
which  intimately  concern  us.  Moreover,  as  has.  well  been  said.  If  literature  be 
viewed  as  one  of  the  fine  arts,  it  is  found  to  be  the  most  altruistic  of  them  aU, 
since  it  can  educate  a  sensibility  for  other  forms  of  beauty  besides  its  own.  The 
genius  of  a  Ruskin  can  quicken  our  feeling  for  masterpieces  of  architecture,  sculp- 
ture, and  painting.  Even  a  very  limited  study  of  literature,  if  it  be  only  of  the 
right  quality,  may  provide  permanent  springs  of  refreshment  for  those  whose  prin- 
cipal studies  and  occupations  are  other  than  literary.  We  may  recall  here  some 
weighty  words  written  by  one  of  the  very  greatest  of  modern  men  of  science.  *  If 
I  haid  to  liVe  my  life  again,'  said  Charles  Darwin,  '  I  would  have  made  it  a  rule  to 
read  some  poetry  and  listen  to  some  music  at  least  once  every  week.  .  .  .  The 
loes  of  these  tastes  is  a  loss  of  happiness,  and  may  possibly  be  injurious  to  the 
intellect,  and  more  probably  to  the  moral  character,  by  enfeebling  the  emotional 
part  of  our  nature.'  The  same  lesson  b  enforced  by  John  Stuart  Mill,  in  that 
remarkable  passage  of  his  Autobiography  where  he  describes  how,  while  still  a 
youth,  he  iK^came  aware  of  a  serious  defect,  a  great  lacuna,  in  that  severe 
intellectual  training  which,  for  him,  had  commenced  in  childhood.  It  was  a 
training  from  which  the  influences  of  imaginative  literature  had  been  rigidly 
excluded.  He  turned  to  that  literature  for  mental  relief,  and  found  what  he 
wanted  in  the  poetry  of  Wordsworth.  *  I  had  now  learned  by  experience ' — this 
is  his  comment—'  that  the  passive  susceptibilities  needed  to  be  cultivated  as  well 
as  the  active  capacities,  and  reauired  to  be  nourished  and  enriched  as  well  as 
guided.'  Nor  is  it  merely  to  the  nappiness  and  mental  well-being  of  the  individual 
that  literature  can  minister.  By  rendering  his  intelligence  more  flexible,  by 
deepening  his  humanity,  by  increasing  his  power  of  comprehending  others,  by 
fostering  worthy  ideals,  it  will  add  something  to  his  capacity  for  co-operating 
with  his  fellows  in  every  station  of  life  and  in  every  phase  of  action ;  it  will  make 
him  a  better  citizen,  and  not  only  a  more  sympathetic  but  also  a  more  ef&cient 
member  of  society. 

One  of  the  urgent  problems  of  the  higher  education  in  our  day  is  how  to  secure 
an  adequate  measure  of  literary  culture  to  those  studeuts  whose  primary  concern 
is  with  scientific  and  technical  pursuits.  Some  of  the  younger  English  Uni- 
versities, which  give  degrees  in  Science,  contribute  to  this  purpose  by  providing 
certain  options  in  the  Science  curriculum ;  that  is,  a  given  number  of  scientific 
subjects  DeiDg  prescribed  for  study  with  a  view  to  the  degree  of  B.Sc.,  the  candidate 
is  allowed  to  substitute  for  one  of  these  a  subject  taken  from  the  Arts  curriculum, 
such,  for  instance,  as  the  Theory  and  Practice  of  Education.  This  is  the  case  in 
the  University  of  Whales  and  in  the  University  of  Birmingham ;  and  there  are 
indications,  I  believe,  that  this  example  will  be  followed  elsewhere.  Considering 
how  hard  and  sustained  is  the  wora  exacted  from  students  of  science,  pure  or 
applied,  it  seems  important  that  the  subjects  from  which  they  are  to  derive  their 
literary  culture  should  be  presented  to  them,  not  in  a  dryasdust  fashion,  not 
chiefly  as  subjects  of  examination,  but  rather  as  sources  of  recreation  and  changes 
of  mental  activity.  From  this  point  of  view,  for  British  students  of  science  the 
best  literature  of  the  English  language  ofi^ers  une(^ualled  advantages.  It  may  be 
mentioned  that  the  Board  of  Education  in  London  is  giving  particular  attention  to 
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the  pl&ce  which  English  literature  should  hold  in  the  examination  of  students  at 
the  Training  Colleges^  and  has  under  consideration  carefully  planned  courses  of 
study,  in  which  portions  of  the  hest  English  writers  of  prose  and  of  verse  are  pre- 
scrilied  to  he  read  in  connection  with  corresponding  periods  of  English  histotr.  It 
heing  understood  that  the  study  of  the  literature  shall  he  directed,  not  to  pHlo- 
logical  or  grammatical  detail,  hut  to  the  substance  and  meaning  of  the  books,  and 
to  the  leading  characteristics  of  each  writer's  style.  If,  on  the  other  hand,  the 
student  is  to  derive  his  literaiy  culture,  wholly  or  in  part,  from  a  foreign  literature, 
ancient  or  modem,  then  it  will  be  most  desirable  tnat,  before  leaving  school,  he 
should  have  surmounted  the  initial  difficulties  of  grammar,  and  ehonld  have 
learned  to  read  the  foreign  language  with  tolerable  ease. 

Wlien  we  look  at  this  problem — how  to  combine  the  sdentific  and  the  literary 
elements  of  culture — in  the  light  of  existing  or  prospective  conditions  in  South 
Africa,  it  appears  natural  to  suppose  that,  in  a  teaching  University,  the  Faculty  of 
Education  would  be  that  with  which  literary  studies  would  be  more  particularly 
connected.  And  if  students  of  practical  sciences,  such  as  Engineering  and  Agri- 
culture, were  brought  together  at  the  same  centre  where  the  Faculty  of  Education 
had  its  seat,  then  it  should  not  be  difficult,  without  unduly  trenching  on  the  time 
demanded  by  scientific  or  technical  studies,  to  provide  such  students  with  facilities 
for  some  measure  of  good  literary  training. 

A  further  subject  is  necessarily  suggested  by  that  with  which  we  have  been 
dealing — I  mean  the  relation  of  University  to  Secondary  Education ;  but  on  that 
T  can  only  touch  very  briefly.  Before  University  Education  can  be  widely  effi- 
cient it  is  indispensable  that  Secondary  Education  should  be  fairly  well  developed 
and  organbed.  Secondary  Education  sliould  be  intelligent — liberal  in  spirit — not 
too  much  trammelled  by  the  somewhat  mechanical  uniformity  apt  to  result  from 
working  for  external  examinations,  but  sufficiently  elastic  to  allow  for  different 
aptitudes  in  the  pupils,  and  to  afford  scope  for  the  free  initiative  of  able  teachers. 
It  is  again  for  the  continuity  of  education  when  a  school-leaving  examination  can 
be  accepted  as  giving  admission  to  the  University.  Such  an  examination  must  be 
conducted  under  the  authority  of  the  University;  but  there  is  much  to  be  said  in 
favour  of  the  view  that,  under  proper  safeguards,  the  school-teachers  should  have 
a  part  in  the  examination ;  always  provided  that  the  ultimate  control,  and  the 
decision  in  all  cases  of  doubt,  shall  rest  with  the  University.  A  system  of  pchool- 
leaving  examinations  for  this  country  was  earnestly  advocated,  I  believe,  by  Mr. 
F.  A.  Bamctt,  who  has  achieved  such  excellent  work  for  the  cause  of  education  in 
Natal.  To  discuss  the  advantages  or  difficulties  of  such  a  proposal,  as  they  at 
present  affect  South  Africa,  would  demand  knowledge  which  I  do  not  possess ; 
and  I  must  content  myself  with  the  expression  of  a  hope  that  in  days  to  come — 
perhaps  in  a  not  distant  future — it  may  be  found  practicable  to  form  such  a  link 
between  the  highest  education  and  the  grade  next  below  it. 

But  the  limit  of  time  proper  for  a  President's  address  has  now  almost  been 
reached.  I  thank  you  sincerely  for  the  kindness  and  patience  with  which 
you  have  heard  me.  In  conclusion,  I  would  only  say  how  entirely  I  share  a 
conviction  which  has  been  expressed  by  one  to  whose  ability,  to  whose  generous 
enthusiasm  ond  unflagging  efforts  the  cause  of  education  in  this  country  owes 
an  incalculable  debt — I  refer  to  Mr.  E.  B.  Sargant.  Like  him,  I  believe  that 
the  progress  of  education  in  all  its  grades,  from  the  lowest  to  the  highest, 
is  the  agency  which,  more  surely  than  any  other,  will  conduce  to  the  prosperity 
and  the  unity  of  South  Africa.  For  all  workers  in  that  great  cause  it 
must  be  an  inspiring  thought  that  th^  are  en^ged  in  promoting  the  moat 
fundamental  and  the  most  far-reaching  of  national  interests.  They  are  endeavour- 
ing to  secure  that  the  men  and  women  to  whom  the  future  of  this  country  belongs 
shall  be  equal  to  their  responsibilities  and  worthy  of  their  inheritance.  In  that 
endeavour  the  sympathies  which  they  carry  with  them  are  world-wide.  As  we 
come  to  see,  more  and  more  clearly,  that  the  highest  education  is  not  only  a 
national  but  an  Imperial  concern,  there  is  a  growmg  desire  for  interchange  of 
counsels  and  for  active  co-operation  between  the  educational  institutions  of  the 
Colonies  and  those  of  the  Mother  Country.    The  development  of  education  in 
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South  Africa  will  command  keen  attention,  and  will  be  followed  by  earnest  good 
wishes,  not  only  in  England  bat  throughout  the  British  dominions.  One  of  the 
ideas  which  are  bound  up  with  the  history  and  the  traditions  of  our  English 
public  schools  and  Universities  is  the  idea  of  efficient  work  for  the  State.  Those 
institutions  have  been  largely  moulded,  from  generation  to  generation,  by  the  aim 
of  ensuring  a  supply  of  men  qualified  to  bear  a  worthy  part  either  in  tlie  govern- 
ment of  the  nation  or  in  professional  activities  which  are  indispensable  to  the 
national  welfare.  In  our  own  time,  and  more  especially  within  the  last  thirty 
years,  one  particular  aspect  of  that  idea  is  illustrated  by  the  closer  connections 
which  have  been  formed  between  the  Universities  and  the  higher  branches  of  the 
Civil  Service.  The  conception  of  work  for  the  commonweal  is  in  its  turn 
inseparable  from  loyalty  to  those  ideals  of  character  and  conduct  by  which 
English' life  and  public  policy  have  been  built  up.  It  is  by  the  long  and  gradual 
traming  which  such  ideals  have  given  that  our  race  has  been  fitted  to  grapple 
with  responsibilities  which  have  inevitably  grown,  both  in  extent  and  in  complexity, 
far  beyond  anything  of  which  our  forefatners  could  have  dreamed.  That  training 
tends  also  to  national  self-knowledge;  it  makes  for  a  sober  estimate  of  oar 
national  qualities  and  defects ;  it  quickens  a  national  sense  of  duty  to  our  neigh- 
bour. The  munificence  of  a  far-sighted  statesman  has  provided  that  selected 
youths,  whose  homes  are  in  this  land,  and  whose  life-work  may  be  here,  shall  go 
for  a  while  to  England,  shall  breathe  the  intellectual  and  social  atmosphere  of  a 
ffreat  English  University,  and  shall  learn  to  judge  for  themselves  of  the  sources 
from  which  the  best  English  traditions  have  flowed.  That  is  excellent.  But  it  is 
also  most  desirable  that  those  traditions  should  pass  as  living  forces  into  tho 
higher  teaching  of  South  Africa  itself,  and  that  their  spirit  should  animate  educa- 
tional institutions  whose  special  forms  have  been  moulded  by  local  requirements. 
That,  indeed,  has  been,  and  is,  the  fervent  wish  of  men  whose  labours  for  South 
African  education  have  already  borne  abundant  fruit,  and  are  destined  to  bear  vet 
larger  fruit  in  the  future.  May  those  labours  prosper,  and  may  that  wish  be  nil- 
filled  I  The  sooner  will  come  the  day  when  the  inhabitants  of  this  country,  this 
country  of  vast  and  still  indefinite  possibilities,  will  be  able  to  feel,  in  a  sense 
higher  and  deeper  than  citizens  of  the  Roman  Empire  could  conceive,  Cuncti  gens 
una  sumus  ('  We  are  all  one  people ').  If  the  work  which  lies  before  us  in  this 
Section  of  the  British  Association  should  result  in  contributing  anything  towards 
the  promotion  of  those  great  objects,  by  helping  to  elucidate  the  conditions  of 
further  progress,  our  delil^rations  will  not  have  been  held  in  vain. 


The  following  Paper  was  read : — 

Cape  Education  :  its  Difficulties  and  Development, 
By  Rev.  W.  E.  C.  Clabke,  M.A. 

A  comprehensive  survey  of  the  whole  subject  would  be  impossible  in  the 
limited  time  available,  and  the  utmost  that  can  be  attempted  is  to  follow  with 
brief  criticism  the  development  of  the  various  stages  in  the  light  of  the  peculiar 
difficulties  of  the  country.  It  is  hoped  that  a  full  appreciation  of  these  last  wiU 
serve  to  clear  the  view,  and  perhaps  to  soften  the  judgment  of  those  visiting  these 
southern  shores  for  the  first  time,  who  might  be  disposed  to  estimate  our  progress 
by  a  standard  borrowed  from  more  favoured  lands. 

The  historic  development  must  first  be  noticed.  In  1652,  under  the  leadership 
of  Van  Riebeek,  a  permanent  settlement  was  made  at  the  Cape  of  a  number  of  the 
servants  of  the  Dutch  East  India  Company,  most  of  them  soldiers  and  sailors,  and 
many  not  of  Dutch  origin.  Severe  restrictions,  imposed  in  the  interests  of  the 
company,  hampered  the  energy  of  these  first  settlers,  even  sea-fishing  being 
restrained,  and  the  Colonists  being  compelled  to  follow  a  pastoral  and  agricultunu 
life.  The  Huguenot  exiles  in  1688,  few  in  numbers,  but  numerous  in  proportion 
to  the  whole  population,  by  intermarriage  with  the  original  settlers,  afiected 
strongly  the  sunsequent  character  of  the  race,  and  the  forcible  suppression  of  their 
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own  languiige  led  to  the  modification  of  the  adopted  one  into  the  interesting  form 
now  surviyiug  in  '  the  Taal.' 

In  the  absorbing  cares  of  a  new  settlement,  little  attention  was  paid  to  educa- 
tion, and  the  office  of  schoolmaster  was  for  many  years  combined  with  that  of 
^  Ziekenrooster/  or  sick  visitor ;  kter,  with  that  of  '  precentor '  to  a  country 
church.  The  disturbed  state  of  Europe  at  the  close  of  the  eighteenth  and  the 
beginning  of  the  nineteenth  century  affected  the  Cape,  leading  to  its  passing 
finally  under  EnglL<(h  rule  m  1806.  The  arrival  of  the  British  settlers  in  1820 
introduced  a  new  element  into  the  population  of  the  Eastern  Province,  giving  it  a 
distinctive  character  to-day.  Although  a  few  schoolmasters  were  imported  from 
Scotland  in  1822,  and  the  South  African  College  founded  in  1829,  tnere  was  no 
organised  scheme  of  education  until  the  introduction,  in  1839,  of  the  '  Herachel 
System,'  btised  upon  certain  recommendations  of  Herschel,  the  astronomer,  who 
readed  at  the  Cape  from  1834  to  1838.  A  Superintendent-General  was  appointed, 
Mr.  Rose-Innes,  who  acted  as  inspector  of  all  schools  for  twenty  vears.  Certain 
'  Established  *  schools,  entirely  supported  by  Government,  provided  instruction  to 
the  burgher  children  in  English.  Other  schools  receiving  subsidy  only  were  called 
'  aided  schools.'  The  great  difficulty  continued  to  be  the  provision  of  education 
for  a  thin  population  scattered  over  an  enormous  pastoral  area.  The  itinerant 
schoolmaster  was  chiefly  employed,  teaching  a  few  months  here  and  a  few  months 
there,  imparting  in  that  brief  period  all  the  instruction  many  children  ever  had. 
The  pastoral  habit,  and  the  isolation  of  the  farmhouses,  tended  to  develop 
that  character  of  independence  so  marked  in  the  farming  community  to-day. 
For  the  problem  of  providing  education  for  the  rural  population  various  solutions 
have  been  ofiered  by  Education  Commisaons  and  experts  from  time  to  time,  but 
the  question  is  still  a  most  serious  one.  The  progress  of  education  during  Mr. 
Rose-Innes's  term  of  office  was  quiet  and  steady,  the  most  remarkable  develop- 
ment taking  place  towards  the  close  of  that  period  in  the  appointment  of  a 
Board  of  Seven  Examiners,  the  nucleus  of  the  present  University  of  the  Cape  of 
Good  Hope.  Certificates  were  to  be  granted  of  a  standard  corresponding  to  that 
of  a  degree  in  arts  in  Universities  in  the  United  Kingdom. 

When  Dr.  Dale  assumed  office,  in  1859,  the  *  Ilerschel  System '  had  practically 
served  its  purpose,  and  an  Education  Commission,  appointed  in  the  early  sixties, 
led  to  the  Education  Act  of  1865,  the  basis  of  the  system  in  operation  to-day.  A 
local  guarantee  was  first  necessary,  and  the  Government  subsidy  was  to  be  on  the 
principle  of  pound  for  pound  for  schools  for  the  children  of  such  parents  as  could 
afford  to  pay  half  the  cost.  Other  schools  of  a  lower  class  were  designed  for  the 
poorer  Europeans  and  the  aborigines.  A  Board  of  Guarantors,  appointed  everv 
three  years,  was  responsible  to  the  Government  for  the  proper  conduct  of  each 
school,  but  the  weakness  of  the  whole  system  lay  in  the  lack  of  provision  for  con- 
tinuity and  permanent  buildings.  The  highest  tribute  to  Dr.  Dale^s  administra- 
tion lies  in  his  success  in  enlisting  in  the  management  of  the  schools  the  co-operation 
of  so  many  of  the  best  representative  men  in  the  colony.  lu  the  Urger  centres  the 
system  worked  satisfactorily,  but  in  small  villages  and  country  districts  the  Ufe  of 
the  school  was  often  precarious.  In  1872  the  sppointment  of  two  deputy-inspectors 
relieved  the  Superintendent-General  of  that  part  of  his  duty.  In  the  following 
vear  came  the  establishment  of  the  University,  superseding  the  old  Board  of 
Examiners.  It  was  to  be  an  Examining  University,  like  the  London  University, 
granting  degrees  in  arts,  law,  &c.,  and  certificates  in  land  surveying.  Grants  were 
to  be  issued  to  certain  institutions  preparing  for  these  higher  examinations,  but, 
unfortunately,  ^^till  on  the  pound  for  pound  oasis. 

In  Elementary  Education  the  lack  of  teachers  continued  to  be  the  great 
obstacle.  The  establishment  of  a  Normal  Institution  in  1840  had  produced 
nothing,  and  the  attempts  at  developing  a  pupil* teacher  system  had  also  failed  to 
remedy  the  defect.  In  1879  the  Dutch  Reformed  Church  established  a  Normal 
College,  which,  under  Mr.  Whitton,  has  rendered  great  services  in  the  last  twenty- 
five  years. 

Denominational  effort  had  olso  contributed  its  share  to  the  development  of 
education,  the  Diocesan  College  at  Bondebosch  being  the  most  distinguished  of 
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raoh  institations;  but  many  others,  although  entirely  unaided  by  Government, 
doing  excellent  work,  and  holding  their  own  in  competition  with  the  more 
fortunate  Public  Schools. 

Another  Education  Commission,  in  1879,  advised  the  division  of  the  functions 
of  the  Superintendent-General  between  two  officials,  an  increased  number  of 
inspectors,  the  removal  of  lan^ua^  restrictions  in  the  medium  of  instruction,  and 
the  substitution  of  corporate  bodies  with  rating  powers  for  boards  of  guarantors. 
Ftoliament  save  e^BCt  to  some  of  these  recommendations,  but  the  guarantee  system 
was  left  unchanged. 

An  Inspector-General  of  Schools,  Mr.  Ross,  appointed  in  1882,  published  a 
Yeport  of  remarkable  importance,  pointing  out  especially  the  unique  character  of 
the  Education  Department  as  an  autocracy  in  the  midst  of  responsible  govern- 
ment, and  indicating  the  question  of  rural  education  as  the  chief  difficulty,  and  the 
training  of  teachers  as  the  most  urgent  want.  He  advised  the  employment  of 
itinerant  teachers  for  remote  districts;  but  the  longer  experience  of  Dr.  Dale  led 
him  to  describe  this  suggestion  as  impracticable,  as  such  a  '  vagabond '  life  had 
failed  to  attract  competent  men.  He  preferred  the  subsidising  of  Private  Farm 
Schools,  with  even  five  children  enrolled.  Other  criticism  at  this  time  called  from 
him  a  defence  of  the  guarantee  system,  as  providing  a  check  on  extravagance  and 
securing  the  aid  of  those  chiefly  interested  in  the  success  of  the  schools. 

Another  Education  Commission,  in  1891,  besides  sug^stious  affecting  the 
agricultural  population,  technical  education,  and  the  question  of  school  boards, 
made  the  following  pronouncement  on  the  language  question  :  *  The  choice  of  the 
linguistic  medium  and  the  decision  as  to  whether  it  should  be  double  or  single 
seems  to  be  a  matter  f  lirly  within  the  parents*  sphere,  and  neither  the  Education 
Department  nor  any  School  Board  should  be  empitwered  to  make  either  Dutch  or 
English  the  sole  medium  of  instruction  in  any  school.'  Parliament  had  already, 
in  1882,  removed  all  language  restrictions. 

The  fact  that  the  Superintendent-General  has  been  an  autocrat  has  had  this 
advantage,  that  each  oecupant  has,  during  a  long  term  of  office,  been  enabled  to 
develop  a  consistent  policy.  The  personality  of  the  present  Superintendent- 
General,  who  took  office  in  1892,  has  impressed  itself  strongly  on  Cape  Education. 
The  thorough  organisation  of  Elementaiy  Education,  the  development  of  an 
extensive  pupil-teacher  system,  and  the  training  of  teachers  have  achieved  great 
results,  llie  latest  Blue-book  shows  2,700  schools  in  operation,  1,400  uf  these 
being  for  European  children,  with  an  enrolment  of  over  80,000 ;  there  are  ^2Q 
inspectors,  besides  a  number  of  departmental  instructors  in  special  subjects. 
Notwithstanding  the  large  increase  in  the  number  of  schools,  the  percentage  of 
certificated  teachers  in  those  for  Europeans  i^  71,  the  proportion  being  lo>vered  by 
the  lowest  class  of  schools. 

This  satisfifictory  result  has  been  achieved  partly  by  the  development  of 
training-schools  and  other  means  of  instruction  for  pupil-teachers,  and  also  by  an 
extensive  system  of  Vacation  Courses  of  Lectures  by  experts  for  the  improvement 
of  teachers  in  schools. 

The  development  of  boys*  and  girls'  handiwork  has  been  a  marked  feature  oi 
the  new  rigime^  and  an  annual  exhibition  of  work  and  departmental  examinations 
in  this,  as  well  as  in  science  and  other  subjects,  have  proved  a  gr*  at  stimulus. 
But  as  regtixls  such  teste  and  incentives,  local  examinations  instituted  by  the 
University  hav«?  for  years  provided  a  field  for  competition  among  all  schools,  and 
have  L'^en  so  sought  after  as  to  assume,  in  the  opinion  of  some,  an  undue  degree  of 
importance. 

Cnpe  education  has  all  along  developed  very  much  on  its  own  lines,  and  it  has 
been  tne  merit  of  the  administration  throughout  to  move  forward  less  by  radical 
changes  than  by  adaptation  of  existing  methods  and  machinery.  This  is 
evidenced  in  the  remarKable  increase  in  good  school-buildings,  a  result  gained  in 
spite  of  the  lack  of  continuity  in  the  school  committees,  and  without  sacrificing  the 
pound  for  pound  principle.  The  Building  Loan  Scheme  is  probably  Dr.  Muir's  most 
successful  achievement.  From  the  outset  secondary  work  was  combined  with 
primary  in  the  better  schools,  but  during  the  last  few  years  between  thirty  and 
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forty  High  Schools  have  been  eBtablished,  with  a  special  curricttlum  arranged  for 
theniy  leading  up  to  the  matriculatioii  certificate  of  Uie  Univenity.  The  new 
Education  Act,  while  retain inj^  committees  for  individoal  achoola,  will  provide 
School  Boards  for  mnnicipalities  and  large  areas,  with  rating  powers  and  with 
control  over  the  committees  in  their  area.  One-tlurd  of  each  Board  is  nominated 
by  GoTemment. 

A  few  instittttionspreparing  for  the  University  certificates  and  degrees  were 
subsidised  under  the  Higher  Education  Act  of  1874,  but  as  the  number  of  students 
increased,  the  idea  arose  of  uniting  the  work  of  these  separate  colleges  into  a 
Teaching  University.  While  vested  interests  and  keenness  of  rivalxr  have  hitherto 
prevent^  such  unification,  the  development  of  these  separate  colleges  has  pro- 
ceeded rapidly,  and  it  seems  likely  that  the  Teaching  Univerdty  of  the  future  will 
consist  of  certain  constituent  colleges.  That  these  shall  not  be  too  many,  and  that 
their  relation  to  the  University  shall  be  a  satisfactory  one,  are  the  diflkulties 
involved  in  this  question.  The  Rhodes  Scholarships,  while  benefiting  the  indi- 
vidual holders,  will  also  further  Higher  Education  if  made  post^praduation 
scholarships ;  in  the  original  scheme  they  might  have  tended  to  do  actual  injury  to 
Higher  Education  in  the  Colony. 

A  School  of  Mines  was  instituted  at  the  South  African  College  in  1896, 
and  the  students  now  complete  their  course  at  the  Johannesburg  Technical 
Institute. 

While  the  progress  of  education  has  thus  proceeded  satisfactorily  along  various 
lines,  it  cannot  be  said  that  the  position  of  the  teacher  has  improved  in  a  corre- 
sponding degree.  It  is  true  that  the  increased  influence  of  the  body  of  teachers  is 
the  most  remarkable  fact  in  modem  education,  and  the  Union  of  Cape  Teachers  in 
the  South  African  Teachers'  Conference,  with  its  branches  all  over  the  countiy, 
has  enabled  them  to  speak  with  a  strong  .voice  on  important  questions,  and  to 
combine  for  purposes  ot  mutual  defence ;  but  it  is  matter  for  regret  that  so  great 
a  proportion  of  time  and  interest  has  been  devoted  in  their  meetings  to  questions 
of  salary,  pension  allowances,  and  other  factors  making  for  the  comfort  of  their 
position.  It  should  not  be  necessary  for  teachers  to  have  to  assert  their  rights  and 
to  impress  their  claims  on  the  rest  of  the  community.  The  new  Education  Act 
arranges  for  greater  security  of  tenure  and  for  improvement  of  salaries,  but  satis- 
factory provision  has  yet  to  be  made  for  pension  on  retirement  *  The  teacher 
should  be  removed  beyond  fear  of  want  nnd  anxiety  about  financial  concerns.  The 
community  is  not  in  a  healthy  condition  in  which  education  is  not  held  in  honour.' 


THURSDAY,  AUGUST  17. 
The  following  Papers  were  read  :— 
1.  The  Teaching  of  Science.    By  Professor  H.  E.  Armstrokg,  F,B.S, 


2.  The  Development  of  Technical  Education  in  a  If  etc  Country. 
By  G.  Flbtchkr. 


3.  The  World  of  Words  and  its  Exploration.     By  Dr.  J.  A.  H.  Murray. 


FRIDAY,  AUGUST  18. 

The  following  Papers  were  read : — 

1.  Rural  Education  appropriate  to  Colonial  Life  and  Agriculture  in 
South  Africa,     By  A.  D.  Hall,  M,A. 
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2.  The  Higher  SduccUion  of  Women  in  Soutli  Africa. 
By  Miss  E.  M.  Clark; 

Zimitaiians  of  the  Term, — la  almost  any  country,  and  assuredly  in  any  other 
land  where  English  is  the  language  of  the  State  and  of  schools,  the  connotation  of 
the  term  '  higher  education '  would  he  strictly  limited  to  College  and  University 
work  ahove  the  grade  of  matriculation.  But  in  South  Africa,  a  comparatively 
new  country,  the  term  may  be  allowed  a  somewhat  broader  and  more  generi^ 
significance,  so  that  it  may  be  understood  as  including  (1)  secondary  or  High 
School  education ;  (2)  Normal  or  Training-School  education ;  (3)  Ooll^iate  or 
University  education.  From  the  outset  certain  peculiarities  characteristic  of  the 
country  suould  be  borne  in  mind:  (1)  the  differences  of  standard,  nationality 
considered,  as  among  Colonial  Dutch,  Colonial  English,  and  real  Europeans; 
(2)  the  differences  of  standard,  locally  considered,  as  between  town  and  country 
education ;  (3)  the  popularly  accepted  differences  of  standard  for  boys  and  girls. 

Provinon  for  such  Education.— -The  number  of  schools  having  the  technical 
right  to  the  name  *  High  School '  is  comparatively  small ;  but  all  of  the '  A  1 '  puUie 
schools  are  doing  some  work  of  this  grade,  while  many  of  them  are  offering 
instruction  in  all  the  highest  standards,  including  matriculation.  Statistics  for 
1904  report  2,331  pupils  in  High  School  grades,  without  specifying  as  to  sex, 
though  nere  it  is  safe  to  say  that  the  girls  are  in  the  minority.  .  .  .  Very  different 
in  this  respect  is  the  case  with  the  three  <  European  '  Training-Schools  for  pupil 
teachers  and  others,  which  repnort  a  very  striking  majority  of  female  students.  Of 
these  one  is  in  the  eastern  division,  and  two  are  in  the  western.  The  specific 
object  of  these  three  institutions  is  that  of  giving  instruction  in  the  principles  and 
methods  which  lie  at  the  base  of  successful  teaching :  2S4  students  represent  the 
enrolment  for  last  year.  ...  In  four  institutions  of  College  grade,  preparing  for  the 
Cape  University  examinations,  young  women  are  now  following  the  prescribed 
courses  of  study ;  the  total  registration,  however,  is  not  over  fifty,  and  a  very  large 
majority  of  these  women  students  are  in  the  intermediate  class. 

Changes  in  Standard, — Forty-five  years  ago  there  existed  in  the  whole  country 
only  one  large  school  for  girls ;  twenty-five  years  ago  at  least  six  had  been  founded, 
and  were  in  successful  operation.  No  one  of  these,  however,  at  that  time  was 
doing  anything  like  college  work,  nor  was  matiiculation  then  regarded  as  a  school 
examination.  Reading,  writing,  elementary  arithmetic,  with  *  accomplishments,' 
had  been  up  to  that  time  considered  all  that  was  necessary  for  a  ^irl  to  know  for 
her  own  good,  while  there  existed  little  or  no  conception  of  training  or  education 
for  the  sake  of  imparting  knowledge  to  others.  .  .  .  The  development  has  been 
slow  but  steady.  The  grade-standard  has  advanced,  as  has  also  the  generally 
accepted  standard  of  public  opinion,  in  both  city  and  rural  communities.  One 
very  important  element  in  this  advance,  so  far  as  the  education  of  women  is  con- 
cerned, has  been  the  growing  necessity  for  self-support,  with  the  increasing  strict^ 
ness  of  requirement  on  the  part  of  the  Department  of  Education,  a  strictness  which 
has  been  applied  in  due  proportion  to  schools  of  all  grades.  According  to  the 
official  report  of  the  Superintendent-General  for  1004  the  percentage  of  *  female 
te^ichers  in  the  seven  most  important  classes  of  schools '  varies  from  40^13  to  89-33, 
an  indication  of  a  great  change  during  the  Quarter  of  a  century  in  the  general 
Attitude  toward  the  question  of  the  right  of  young  women  to  teach  and  to  be 
taught. 

The  University  /^ifewi,— The  University  of  the  Cape  of  Good  Hope  is  exclu- 
sively an  examining  body,  having  the  right  to  grant  academic  degrees.  Five 
teaching  institutions  or  colleges  prepare  students  for  the  examinations  leading  to 
the  grades— Intermediate,  B.A.,  and  M.A.  There  has  never  been  on  the  part  of 
the  University  any  discrimination  of  sex  in  the  matter  of  eligibility  to  the 
examinations  given,  or  the  degrees  conferred.  In  most  of  the  Colleges  co-education 
exists,  while  during  the  past  few  years  several  scholarships  based  on  competitive 
examinations  have  been  taken  by  women. 

The  Situation  and  the  Outlook.— Whh  reference  to  the  future,  even  the 
immediate  future,  several  important  topics  suggest  themselves  as  worthy  of  con* 
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fiideration :  (1)  the  actual  supply  of  teachers  in  relatiooahip  to  the  demand ;  (2)  the 
advantages  and  disadvantages  of  hringinf<  in  trained  educators  from  England  and 
elsewhere ;  (3)  the  possibilities  of  partial  self-support  for  women  students ;  (4)  a 
study  of  the  methodis  of  higher  education  here  and  in  ocher  lands ;  (6^  soggestioos 
as  to  possible  future  developments,  regard  being  had  to  the  special  conditions  of  the 
country.  .  .  .  These  points,  however,  can  be  only  named,  not  developed,  in  so  brief 
an  outline. 

Causes  of  Small  Increase, — ^The  slow  advance  in  the  number  of  women  students 
registered  by  the  Colleges  of  this  country  is  usuaUy  attributed  to  one  of  two 
causes:  (1)  lack  of  interest ;  (2)  lack  of  means.  Into  the  reason  first  named  may 
be  read  the  meaniog — ^lack  of  desire  for  the  advantages  ofiered,  or  of  appreciation 
of  their  real  value ;  several  good  authorities  in  the  educational  world  regard  this 
as  the  fundamental  reason.  Others,  however,  are  equally  sure  that  the  expenae 
of  a  College  course,  or  even  the  immediate  necessity  for  bread-winning,  lies  at  the 
root  of  the  lact  that  now,  nearly  twenty  years  after  the  granting  of  the  first  Cape 
University  degree  of  D.A..  to  a  wotnan,  there  are  throughout  the  country  fewer 
than  fifbr  women  students  preparing  for  the  University  examinations.  In  other 
lands,  where  the  paternal  governments  are  less  fatherly  than  here,  much  more  is 
done  in  the  way  of  self-support  by  undergraduates  of  both  sexes,  even  while  pur- 
suing their  studies.  Yet  it  must  be  acknowledged  that  the  difficulties  are  greater 
here  than  in  those  countries  where  a  student  who  has  '  worked  her  way '  from 
matriculation  to  B. A.  is  not  an  anomaly. 

The  End — the  Means  and  the  Woman. — The  higher  education  of  women  is  a 
comparatively  new  factor  in  the  growth  of  this  country,  and  up  to  the  present 
there  has  been  very  little  conception  of  such  education  for  its  own  sake,  or  for  any 
other  purpose  than  as  a  means  to  an  end — ^the  end  being  an  academic  degree  which 
will  open  the  wa^  to  a  better  position  in  the  teaching  profession  than  it  would 
otherwise  be  possible  to  obtain.  One  would  expect  this  to  be  true  of  the  advanced 
classes  in  the  Training  Schools,  but  it  is  almost  equally  the  case  in  the  Inter- 
mediate and  B.A.  grades  of  the  Colleges  under  the  University.  Whereas,  in 
England,  to  some  extent,  and  in  the  States  to  a  much  more  noticeable  degree,  girls 
go  to  college  for  the  sake  of  the  social  life,  or  through  pure  interest  in  some  special 
lino  of  study ;  or  even,  in  some  families,  as  a  matter  of  course,  the  situation  in  this 
country  i?  as  yet  more  nearly  akin  to  that  of  Germany  or  Switzerland,  where  the 
woman  student  is  still  in  some  degree  a  vara  avisy  therefore  more  or  less  conscious 
of  herself,  her  position,  and  the  serious  phases  of  collegiate  life.  .  .  .  The  higher 
education  of  women  in  this  country  has  an  immediate  and  a  present  interest,  not 
only  because  of  what  has  been  and  is,  but  also  because  of  the  real  need  that  exists, 
and  because  of  the  unlimited  possibilities  of  future  development. 


3.    The  Disabilities  of  tJie  South  African  Schoolhoy, 
By  W.  W.  Way,  M.A. 

Want  of  continuity  between  home  and  school  life  i^,  as  in  England,  one  of  the 
schoolboy's  greatest  disadvantages.  South  Africa  is  a  land  of  farming,  and  in  t^e 
holiday  distractions  of  farm  life  the  schoolboy  forgets  all  the  lessons  of  discipline 
and  progress  learnt  in  the  previous  quarter.  Ilis  father,  utterly  dependent  upoii 
the  smiles  and  frowns  of  Nature,  talks  of  nothing  but  the  weather  and  the  ciff^^ 
^nd  reserves  his  fund  of  general  conversation  for  his  fellow-farmer  at  the  periodical  \ 
show  or  stock-fair.  His  son  grows  up  with  a  total  lack  of  general  information, 
and  the  rarer  son  of  the  professional  man,  who  hears  intelligent  table-talk,  soon 
outdistances  him  in  the  class-room.  Fie  rUus  wild  at  home,  and  his  &ther,  who 
thinks  that  the  return  to  school  will  bring  back  soon  enough  the  reign  of  discipline, 
too  oftt>n,  nathetically  enough,  is  glad  to  send  him  back  to  school  to  get  rid  ofhim. 
Yet  the  schoolboy  is  rarely  seen  to  better  advantage  than  when  helping  to  entertain 
his  father's  guests.  The  isolation  of  farm  life,  which  tends  to  lack  of  discipline 
and  lack  of  general  information,  has  developed  that  birthright  of  tiie  South  African, 
a  graceful  and  generous  hospitality. 
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The  seemingly  innocent  conditions  of  suiiny  skiee  and  bright  aimosphere  inust 
be  Atemly  arnuffned  before  the  tribunal  ibr  their  malign  influenoee  upon  the  school-* 
boy.  The  land-  and  sea-scape  of  the  Peninsula,  the  Karroo  stretching  straight  and 
leyel  to  its  boundaries  of  purple  hilk,  the  rolling  bush  and  forest  of  the  fiasteru 
Province,  must  be  chargea  with  the  crime  of  dwarfing  the  intellectualities,  without 
fostering  the  imagination,  of  the  youth  which  grows  up  beside  them.  A  savage 
may  in  a  blind,  unreascMiing  wav  appreciate  the  beauties  of  his  native  scenery^ 
but  it  is  the  trained  and  educated  mind  which  realises  to  the  full  the  beauties  of 
natural  landscape,  and  the  very  charm  of  his  surroundings  tempts  the  South  African 
boy  from  that  settled  study  which  would  enable  him  to  see  with  a  more  seeing  eye 
the  majesty  and  grandeur  of  his  home.  Even  in  the  towns  the  bloom  upon  some 
distant  mountain  will  attract  the  boy  from  book  and  study  to  open-air  wanderings. 
British  (ogy  or  rain,  or  sleet,  will  drive  a  boy  in  spite  of  himself  to  some  snug 
corner  of  his  school  library.  In  South  Africa,  when  all  Nature  smiles  without,  a 
library  is  a  prison  and  books  are  fetters.  And  so  there  is  no  real  love  of  literature 
in  the  country,  no  taste  for  poetry,  and  little  real  culture.  People  do  not  learn  in 
their  boyhood  rational  methods  of  employing  their  leisure  time. 

Moinover,  this  wealth  of  sun  and  ozone  is  a  gift  which  our  young  African  Midas 
may  weH  ask  the  gods  to  recall.  At  seventeen  he  is  ;n  the  spring  of  his  life,  a 
giant  in  thew  and  sinew,  a  very  Saul  in  stature,  and  his  fancy  turns  lightly  to  tbe 
neighbouring  girls'  school,  where  the  lavish  sun  has  gifted  girls  of  fifteen  with  tbe 
growth  and  passions  of  women.  It  is  no  uncommon  thing  to  find  boys  and  girls 
m  a  mixed  sonool  engaged  to  one  another,  or  to  someone  in  a  lower  standard.  And 
^lis  rapid  growth  of  body  too  often  takes  place  at  the  expense  of  the  brain,  and 
voung  giants  arrive  at  school  who,  good  fellows  and  hard  workers  though  they  be, 
have  no  chance  of  ever  making  any  intellectual  progress. 

When  tbe  emigrant  or  exHe  of  any  race,  under  stress  of  political  grievance  or 
religious  persecution,  turns  his  face  to  the  trials  and  dangers  of  an  unknown  land, 
his  new  life  b  characterised  by  a  stem  simplicity,  an  unwavering  uprightness,  a 
humble  trust  in  God.  God  is  the  moving  and  controlling  spirit  of  that  wild 
nature  in  which  he  finds  himself.  Lurking  savage  and  beast  of  prey  sharpen  in 
him  a  sense  of  alertness  and  self-reliance.  Life  becomes  more  precious  the  more  it 
is  menaced,  the  love  of  wife  and  children  more  engrossing  when  there  is  such  risk 
of  losing  both.  The  pioneer  becomes  hero  and  saint  through  his  environment  of 
danger  and  solitude.  But  as  time  passes,  and  forest  and  savage  retreat  before  the 
axe  and  gun  of  the  settler,  villages  arise  and  security  reigns  where  fear  was  lord. 
Men  trust  less  ia  a  God  whose  protection  they  seem  less  to  need.  The  stern 
habits  of  penury  and  solitude  give  place  to  the  vices  of  society  and  civilisation. 
Of  all  the  evils  that  ensue,  none  has  such  far-reaching  eifects  as  the  proximity  of 
the  conquered  and  subject  savage  race.  In  South  Africa  the  pious  Huguenot  and 
the  fiinatic  Voortrekker,  who  trusted  in  God  and  kept  the  powder  of  their  muzzle- 
loaders  dry  for  operation  upon  lion  or  leopard,  Zulu  or  Hottentot,  have  sadly 
deteriorate  since  those  early  days.  The  1820  settler,  who  struggled  with  pests  and 
Kaflirs  in  the  district  of  Albany,  was  a  better  man  than  his  prosperous  descendant, 
with  his  smiling  farm  and  his  slave  population  of  black  f Arm-servants. 

The  young  mother  yields  her  habe  to  the  tender  mercies  of  some  Kaffir  girl  or 
woiiian.  What  dangers  of  falls,  of  neglect,  of  dirt,  of  disease  is  not  the  child 
exposed  to  P  The  youngster  leanis  to  toddle,  and  his  earliest  playmates  are  the 
naked  children  of  herdsmen  and  labourers,  from  whom  he  learns  to  shout  instead 
of  to  speak,  to  grunt  instead  of  to  articulate,  to  steal,  and  to  lie.  For  if  it  be  true 
that  the  descendants  of  truth-loving  British  and  Dutch  have  fallen  into  habits 
of  untruth,  no  surer  reason  can  be  found  than  early  intercourse  with  lying 
natives* 

When  the  boy  grows  into  a  lusty  stripling  his  former  playmate  has  fallen  in 
the  scale.  He  is  now  a  little  lower  than  the  dogs,  who  receive  less  kicks  and 
curses.  The  recent  Pelser  case,  of  undying  infamy,  shows  bow  lightly  estimated 
are  the  results  on  native  life  if  a  stirrup-iron  is  swunj^  too  heavily  or  a  sjambok 
laid  on  too  cunningly.  Along  with  this  reckless  disregard  of  human  life  and 
personal  dignity  comes  the  degradation  of  manual  labour.    Hard  work  consists  in 
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supervising  the  toil  of  Kaffirs,  with  whom  it  is  degrading  to  labour.  It  W 
been  better  for  the  white  man  if,  as  in  America  and  New  Zealand,  the  black 
had  been  almost  entirely  annihilated,  for  the  proximity  of  the  conquered  race 
diminidies  the  sanctity  of  human  life,  lowers  the  dignity  of  labour,  and  imperils  at 
the  fountain-head  the  health  and  morals  of  the  young  ^uth  African. 

The  disadvantages  of  biiinguality  lie  like  a  curse  of  Babel  on  the  young  South 
African,  who  can  graduate  from  the  Gape  University  without  being  able  to  write 
either  good  English  or  good  Dutch.  In  the  Dutch  districts  he  speaks  an  onin- 
flected  and  ungrammati^  joigo^ »  ^P  most  of  the  English  districts  he  speaks  bad 
English,  and  rarely  pronounces  an  initial  aspirate.  If  be  has  his  choice  of  the  two 
languages,  he  follows  the  line  of  least  resistance  in  a  hot  country,  and  speaks  the 
patois  that  has  few  words,  no  grammar,  and  no  inflections.  *  Man  jong,'  he  aavs  in 
playground  or  street.  '  Ik  is  half  ge-kill  van  de  warmte '  ('  I  is  half  lall  with  the 
heat  *),  and  in  his  class-room  ten  minutes  afterwards  writes, '  The  women  is  being 
kill  by  the  soldiers.'  The  Cape  University  examiners  are  unanimous  in  their  con- 
demnation of  his  prevailing  stvle  of  composition.  Grammatical  Dutch  suflfers  as 
well,  for  the  English  boy  tackles  it  at  what  he  thinks  an  unfair  advantage,  while 
the  Dutch  boy  approaches  it  as  if  he  know  it  already,  with  disastrous  results.  It 
would  be  better  for  the  country  if  Eogiish,  Dutch,  Hottentot,  and  Bantu  all  talked 
Esperanto,  for  the  present  biiinguality  involves  much  friction,  much  waste  of  time, 
ana  great  loss  of  power. 

There  can  be  no  denying  that  the  South  African  racial  question  has  laid  its 
peculiar  curse  upon  the  country.  It  is  impossible  to  banish  it  entirely  from 
schools,  but  a  wise  schoolmaster  may  do  much  to  counteract  the  intrigues  of  the 
politician  and  the  fanaticism  of  the  minister.  The  best  object-lesson  on  the  matter 
has  recently  been  furnished  by  a  meeting  of  the  Native  Political  Association,  at 
which  the  President  openly  declared  to  his  coloured  brethren  that  the  time  had 
come  for  asserting  that  the  country  belonged  to  them.  I  do  not  believe  seriously 
in  the  possibilities  of  a  native  rising,  but  I  do  realise  that  the  auarrel  of  the  future 
will  be  not  between  English  and  Dutch,  but  between  black  ana  white,  and  I  would 
welcome  a  bloody  native  insurrection  if  it  could  brmg  home  to  the  younger  genera-^ 
tion,  at  anv  rate,  that  the  school  should  not  be  made  the  battle-ground  of  a  struggle 
between  the  two  white  races,  that  the  edged  tool  of  the  native  vote  should  not  oe 
played  with  by  either  political  party,  but  that  the  attention  of  all  white  men 
should  be  earnestly  devoted  to  the  solution  of  this  most  critical  question. 

The  peculiar  conditions  of  the  country  have  not,  curiously  enough,  produced  a 
unique  system  of  education.  The  young  South  African  is  stretched  upon  the 
Procrustean  bed  of  English  and  Scotch  standard  codes,  and  his  mental  pabulum  is 
the  same  as  that  meted  out  to  the  son  of  the  British  workman  in  a  crowded  city. 
There  are  no  real  technical  schools,  and  perhaps  they  are  not  wanted,  except  as  a 
preparation  for  mining  courses ;  but  in  a  land  of  farming  there  is  but  one  agricul- 
tural college,  and  that  a  consistent  failure.  The  farmer's  son  continues  to  think 
his  father's  method  of  farming  the  best  in  creation,  and  if  he  goes  to  school  at  all, 
he  busies  himself  with  tonic  sol-fa,  and  the  new  geometry,  and  graphical  algebra, 
and  impossible  problems  worked  to  six  places  of  decimals,  while  around  him  lie 
unsolved  all  tne  problems  of  drought-resisting  foodstuffs  and  food- producing 
animals,  problems  into  the  experimental  solution  of  which  he  would  rush  with 
eager  entnusiasm. 

Recent  debates  on  educational  legislation  in  the  Gape  House  of  Assembly  have 
shown  that  the  schoolboy  is  still  to  be  made  a  political  shuttlecock,  that  all  interest 
shown  in  his  welfare  and  his  educational  efficiency  is  mainly  fictitious.  In 
England  and  Wales  the  object  of  the  pupiVs  existence  is  to  keep  alive  the  flame  of 
sectarian  controversv;  in  France  his  raison  d'etre  is  to  pass  by  hard-and-fast 
examinations  into  the  Government  service ;  in  Germany  he  is  expected  to  train 
himself  as  an  intelligent  factor  in  the  military  and  industrial  advancement  of  the- 
Fatherland ;  in  America  he  exists  in  order  that  Americans  may  point  to  him  as  the 
finest  thing  on  earth  in  the  way  of  educational  training ;  in  South  Africa  he  has- 
his  being  in  order  that  he  mav  be  looked  afler  by  a  local  committee.  One  political* 
<ktty  in  ^e  country  was  all  for  school  boards,  the  other  all  for  school  com* 
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mitteeSy  two  totally  different  and  mutually  ooDtradictory  entities.  An  extra- 
ordinary compromise  has  been  effected,  by  which  these  two  contradictory  entities 
are  to  exist  side  by  side.  One  of  the  young  South  African's  rapidly  approaching 
disabilities  is  that  he  is  goin^  to  fall  heaTily  between  two  stools.' 

The  very  nature  of  farming  in  South  Africa,  with  the  consequent  j^aralvsing 
distance  of  farm  from  farm,  has  caused  the  greatest  difficulty  in  bringing  home 
education  to  the  farmer's  children.  The  problem  still  remains  unsolved.  The 
peripatetic  teacher  and  the  trayelling  schoolhouse  are  useless,  because  continuity 
of  instruction  is  so  necessary  at  thb  stage ;  while  the  farm  school  at  present  in 
vogue  is  danmed  at  once  by  the  multiplicity  of  different  standards  simultaneously 
at  work  under  one  teacher,  the  lack  of  class  emulation,  and  the  noise  and  confusion 
going  on  in  one  small  room.  The  only  remedy,  the  systematic  establishment  of 
large  district  boarding-schools  at  convenient  centres,  with  grants  to  indigent 
farmers,  is  made  impracticable  by  that  lack  of  money  to  be  spent  on  education  to 
which  sllusion  will  be  made  later. 

One  cannot  but  deplore  the  scarcity  of  large  boarding-schools  in  South  Africa, 
those  little  states  in  which  a  boy,  as  he  manages  a  debating  society,  or  a  games 
dlub,  may  learn,  not  too  soon  in  life,  lessons  of  organisation  and  control,  of  dis- 
dpline  over  himself  and  others.  That  lamentable  lack  of  respect  towards  elders 
and  betters,  only  too  evident  in  all  colonies,  is  mainly  due  to  the  fact  that  boys 
have  not  learnt  at  school  that  awe  and  respect  for  their  seniors  which  a  junior  in  an 
flnglisb  public  school  feels  for  the  giants  and  heroes  of  the  sixth  form.  In  South 
Africa  a  small  boy  in  Standard  III.  may  be  on  terms  of  impudent  familiarity  with 
a  man  of  twenty  in  an  intermediate  class.  There  are  in  South  Africa  only  one  or 
two  schools,  mostly  denominational,  where  these  sound  principles  of  early  respect 
are  rigidly  inculcated. 

The  early  tvpe  of  teacher,  the  Buonaparte  Blenkins  of  Olive  Schreiner*s  'South 
African  Farm,'  has  left  his  mark  on  present-day  education  in  the  suspicion  with 
which  the  teacher  is  still  regarded  by  many  parents.  Anyone  who  could  read  or 
write,  escaped  convict  or  deserted  soldier,  took  up  the  profession  of  teaching  as  a 
dernier  ressorty  and  it  has  taken  some  time  for  the  schoolmaster  of  modern  type  to 
win  back  the  confidence  and  afiection  of  his  pupils.  Added  to  this,  some  districts 
were  so  isolated  in  the  early  days  of  settlement  that  the  teacher  and  the  clergyman 
hardly  reached  them,  and  this  almost  barbarous  state  has  left  its  trace  on  the  intellect 
and  on  the  morals  of  the  third  and  fourth  generation. 

Nothing  could  have  a  worse  effect  upon  the  young  South  African's  education 
than  the  fact  that  teaching  is  in  most  cases  a  despised,  because  an  underpaid, 
profession.  There  are  a  few  posts  of  dignity  and  competence,  but  the  large 
majority  of  teachers  are  miserably  paid.  The  male  pupil  teacher  is  becoming  as 
rare  as  the  eepyomis,  for  a  boy  of  spirit  and  intelligence  will  make  a  living  more 
quickly  in  almost  any  other  walk  of  life.  The  Education  Department  deplores  the 
lack  of  efficient  teachers,  but  will  not  adopt  the  obvious  remedy.  Teacning  will 
soon  fall  mainly  into  the  hands  of  women  living  on  the  spot ;  and,  great  as  is  the 
need  of  their  infinite  patience,  their  innate  kindliness,  and  their  instinctive  mother- 
hood in  the  lowest  classes,  there  are  lessons  to  be  taught  boys  which  only  a  man, 
who  has  been  a  boy  himself,  can  teach.  The  younger  generation  of  SouUi  Africa 
is  thus  cut  off  from  a  noble  profession,  for  a  capacity  for  martyrdom  is  not  one  of 
its  virtues. 

^  There  are  few  lar^e  towns  in  South  Africa,  and  the  curse  of  the  small  village, 
with  its  local  jealousies  and  slanders,  cannot  but  have  a  bod  effect  on  the  young. 
]i2very  clerical  synod  in  the  country  deplores  the  increasing  amount  of  scepticism 
and  irreligion.  The  Temprance  adherent,  the  Anti-tobacco  Leaguesman,  and  the 
Anglican  advocate  of  definite  religious  teaching  all  have  their  special  reason  for 
ibis  sad  state  of  affairs ;  but  the  true  reason  is  more  to  be  found  in  the  close  juxta- 
position of  the  various  branches  of  the  Christian  Church  as  t^ey  jostle  one  another 
in  the  small  villages.  The  young  South  African  is  also  tending  to  become  a 
hypocrite,  for  only  in  America  are  there  more  religious  societies  for  the  young, 
and  every  boy  and  girl  wears  some  distinctive  badge  of  Christian  profession.  I 
}iave  hear4  of  i^  youi)g  rascal,  paned  several  times  during  the  week  for  lyingy^ 
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«heatiiigv  and  stealing,  go  to  a  Christian  Endeavour  meetiDg  in  order  to 
tnote  during  the  opening  prayer  to  his  inamorata  for  the  time  beinf^  aad  then  pn^y 
fervently  that  his  form-roaater  may  be  led  into  the  right  path.  The  conseqneiioe 
is  that  in  no  other  country  is  practical  morality  so  entirely  divorced  from  ptofeased 
religion. 

But  the  greatest  disability  of  the  young  South  Afrioaa  is  the  lack  of  money 
■spent  upon  his  education.    This  money  is  dependent  on  drought  or  rain^  on  alttnipe 
or  booms  in  the  share  market.    In  the  seven  fat  years  the  eldest  son  may  receive  a 
good  education,  in  the  seven  lean  years  his  younger  brother  is  kept  at  home  to 
feed  sheep  or  ostriches.  There  is  no  steady  golden  stream,  no  generous  endowment, 
.as  in  America.     Economy  is  the  fashion  in  all  the  Qovemment  departoiento,  but 
economy  in  education  is  the  grossest  profligacv  of  the  State*s  greatest  resource^  the 
intellectual  potentialities  of  her  children.    The  consequences  of  this  paucity  of 
.monevy  this  lack  of  endowment,  are  terrible.    There  are  few  beautiful  echool 
buildings,  and  consequently  little  habitual  training  in  that  fine  sense  of  artisptic 
proportion  which  has  made  the  Japanese  Empire  what  it  is  to-day.     If  ft  hoy's 
school  associations  are  to  be  of  an  ill-paid  schoolmaster,  of  a  playground  t«B  yards 
squaro  filled  with  old  papers  and  broken  rubble,  of  an  oblong  rectangular  baildnig 
covered  with  cracked  and  dirty  plaster  and  roofed  with  corrugated  iron,   hia 
imagination,  his  feelings,  his  sympathy  will  suffer.    There  are  few  real  schdevs 
turned  out  by  the  country,  as  a  consequence  of  the  massed  effect  of  all  Aeac  dis- 
abilities of  environment.    In  law  alone,  the  one  dish  in  the  endless  bill  of  fika« 
that  he  has  tasted  nothing  of  in  South  Africa,  does  the  young  South  Afnoan  sliiBe 
when  he  visits  other  countries. 

It  is  solely  lack  of  endowment  which  confin  is  the  Cape  Univeinty  to  the 
function  of  examining  schools,  which  thwarts  reftjarch  wotk  and  higher  studies^ 
and  has  eliminated  that  highest  function  of  a  um  /ersity,  a  corporate  residential 
life.  The  young  South  African  is  cut  off  irom  that  golden  arena  of  physical 
prowess  and  intellectual  emulation  which  is  the  birthright  nowadays  of  Bntisa  and 
Americsn  youth,  when  as  a  man  he  rejoices  in  his  strength,  and  as  a  sentient  bong 
he  feels  his  mind  moving  for  the  first  time  through  the  great  world-problems  m 
life  and  death,  of  good  and  evil.  A  residential  South  African  university,  snch 
as  the  lato  Cecil  Rhodes,  but  for  the  jealousy  of  vested  interests,  would  have 
erected  on  the  slopes  of  Table  Mountain,  with  a  thousand  students  drawn  from  all 
parts  of  the  country,  would  be  an  asset  worth  a  hundred  mines,  a  million  miles  of 
railway. 

Money  may  be  the  root  of  all  evil ;  it  is  the  want  of  it  which  is  the  curse  of  educa- 
tion in  South  Africa  at  the  present  moment.  The  young  South  African  has  mil  the 
makings  of  a  noble  manhood  in  him.  With  proper  guidance  he  becomes  a  magnifi- 
cent athlete :  with  right  treatment  the  generous  and  hospitable  and  kindly  side  of 
him  prevails  over  the  ignorance  and  prejudice  and  craftiness  which  he  too  often 
inherits  in  his  blood ;  in  his  studies  he  shows  a  desire  for  higher  knowledge  and  a 
<!apacity  for  hard  and  steady  work  which  almost  amount  to  genius.  But  bricks 
cannot  be  made  without  stmw,  and  until  magnificent  endowment  of  education  has 
put  fine  schools  and  noble  universities  within  his  grasp  at  a  moderate  cost  aU 
these  latent  possibilities  will  remain  dormant. 
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JOHANNESBURG. 

TUESDAY,  AUGUST,  29. 

The  following  Papers  were  read : — 

1.  The  ChtvnigeB  in  iht  Dutch  Language  finee  Us  Introduction  into  South 
Africa,^    By  Dr.  J.  Brill,  Ph.D. 


2.  Jfative  Education,^     By  E.  B.  Sargant,  if.il. 


3.  Recent  Improvementa    in    tJie  Bdueaiion    of    lnfamJt%^  with    Special 
Application  to  the  Transvaal.^     By  Miss  E.  A.  Wblldok. 


4.  Manual  Instruction  in  the  Transwud.^    By  T.  W.  Lowden. 


5.  The  Teaching  of  Modem  Languages.^    By  H.  W.  Atkinson,  M.A. 


WEDNESDAY,  AUGUST  ^0. 
The  following  Papers  were  read : — 

1.  The  Teaching  of  Agriculture.^     By  F.  B.  Smith. 

2.  Forestal  Education}     By  T.  R.  Sim. 


3.  The  Teaching  of  Architecture.^     By  R.  G.  Kirkby. 


4.  Education  on  the  Vddt.^     By  J.  H.  Corbbtt. 


>  These  Papers  are  published  in  foil  in  a  small  yolnme  issned  by  the  Transraf^ 
Tec)inical  Institute,  Johannesburg. 
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FRIDAY,  SEPTEMBER  1. 


The  President,  Sir  Richard  Jebb,  again  delivered  bis  Address,  for  wliicli 
p,  607. 


The  following  Papers  were  read : — 

1.  Progress  ofEduoaiion  in  the  Trcmsvaal  since  the  IFar,^ 
By  H.  Warrk  Cornish. 


2.  Education  in  the  Orange  Biver  Colony^ 
By  the  Hon.  Hugh  Gunn,  M.A,^  B.Sc. 


3.  Education  in  Rhodesia}    By  Qeorob  Duthie. 


4.  The  Prospects  of  the  Secondary  Schools  in  the  TransvaaU 
By  C.  D.  Hope,  M.A. 


»  See  footnote  on  page  615. 
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DESIGNS 

FOR   THE    SOUTH    AFRICA    MEDAL 

By  FRANK  BOWCHER. 
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APPENDIX. 


SOUTH  AFBICA:   1905. 

[PLATE  v.] 
I. 

Narrative  and  Itinerary  of  the  Meeting  of  the  British 
Association  in  South  Africa, 

[With  Two  Maps.] 

The  Seventy-fifth  Annual  Meeting  of  the  British  Association  for  the  Advance- 
ment  of  Science  was  held  in  South  Africa,  on  the  invitation  of  the  Governments 
of  the  several  Colonies  and  of  Rhodesia. 

The  work  of  organisation  at  home  was  entrusted  to  a  special  Committee  of  the 
Council,  comprised  of  the  following  gentlemen:  Professor  Armstrong,  the  Right 
Hon.  A.  J.  Balfour  (President),  Dr.  Horace  Brown,  Sir  William  Crookes,  Pro- 
fessor G.  H.  Darwin  (President  Elect),  Sir  James  Dewar,  Sir  Archibald  Geikie, 
Professor  Herdman  (General  Secretary),  Major  P.  A.  MacMahon  (General 
Secretary),  Professor  H.  A.  Miers,  Professor  Perry  (General  Treasurer),  Sir  Henry 
Roscoe,  and  Dr.  P.  L.  Sclater.  This  Committee,  in  addition  to  other  important 
duties,  was  charged  with  the  selection,  for  the  approval  of  the  Council,  of  the 
members  who  were  invited  to  join  the  Official  Party  as  guests  of  the  South 
African  Colonies.  With  this  Committee  rested  also  the  nomination  of  the 
pioneers  who  were  chosen  to  proceed  to  South  Africa  in  advance  of  the  Official 
Party  for  the  purpose  of  making  those  special  investigations  which  had  been 
indicated  by  the  South  African  Local  Committees. 

In  South  Africa,  the  elaborate  details  of  organisation  and  co-ordination  were 
carried  out  by  the  Local  Officers,  under  the  general  supervision  and  direction  of 
Sir  David  Gill,  as  Chairman  of  the  Central  OrganisingCommittee  for  South  Africa, 
with  Dr.  J.  D.  F.  Gilchrist  and  Mr.  W.  Cullen  as  Honorary  Secretaries.  Local 
Committees  were  established  at  Cape  Town,  Durban,  Pietermaritzburg,  Ladysmith, 
Johannesburg,  Pretoria,  Bloemfontein,  Kimberley,  and  Bulawayo,  with  a  Sub- 
Committee  for  Salisbury  and  the  Victoria  Falls. 

A  sum  of  6,000/.,  subscribed  by  the  undermentioned  Governmenta,  was 
contributed  as  a  subvention  towards  the  ocean  passages  of  members  of  the 
official  party  of  invited  guests : — 

£ 

Cape  Colony 3,000 

Transvaal  and  Orange  Biver  Colony       .        ,        .    2,000 
Natal 1,000 

GJOOO 

A  Special  Fund,  amounting  to  3,1002.,  was  privately  subscribed  at  home,  in 
order  to  meet  extraordinary  expenditure  in  connection  with  the  Meeting. 

The  number  of  over-sea  members  visiting  South  Africa  was  S80,  By  a 
special  arrangement  with  the  South  African  Association  for  the  Advancement  of 
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Science,  their  members  were  enrolled  as  Associates  of  the  British  AssociatioQ. 
Following  is  an  analysis  of  the  tickets  issued  at  the  Meeting  :-^ 

Old  Life  MombeTS 116 

New  Life  Members 40 

Old  Annual  Members 89 

New  Annual  Members 411 

Associates 430 

Ladies 181 

Foreign  Representatives         ....  16 

South  African  Association      ....  848 

Total 2^180 


The  Union  Castle  Steamship  Company  grant.ed  a  reduction  of  30  per  cent,  on 
ocean  fares  to  the  members  constituting  tne  official  party  of  inyited  guests,  and  a 
reduction  of  25  per  cent,  to  all  other  members  of  the  Association. 

Of  the  380  over-sea  members  attending  the  Meeting,  52  sailed  from  Southampton 
in  the  '  Eildonan  Castle '  on  July  22 ;  106  sailed  in  the  *  Durham  Castle  *  on 
July  22 ;  and  157  sailed  in  the  '  Saxon  *  on  July  29. 

Cape  Town :  Avffust  16  to  August  19,  inoludve,  ~The  *  Eildonan  Castle '  arrived 
at  Cape  Town  on  August  8,  the  '  Durham  Castle  *  on  August  13,  and  the  '  Saxon ' 
on  August  15.  The  Harbour  Board  authorities  collected  and  delivered  free  of 
charge  the  baggage  of  members ;  and  representatives  of  the  Local  ReoeptioB 
Committee  met  each  steamer,  in  order  to  facilitate  the  disembarkation  of  membera 
and  to  introduce  their  hosts. 

The  Inaugural  Meeting  was  held  on  the  evening  of  Tuesday,  August  15,  at  the 
City  HaU,  when  Professor  G.  H.  Darwin  delivered  the  first  part  of  his  Presidential 
Address. 

Sectional  Meetings  were  held  on  the  mornings  of  Wednesday,  Thursday,  and 
Friday  following.  Sections  A,  B,  E,  F,  Q,  and  L  met  at  the  City  Hall ; 
Sections  C,  D,  H,  I,  and  K  met  at  the  South  African  College.  Presidential 
Addresses  were  delivered  on  Wednesday  morning  to  Sections  A,  D,  E,  F,  H, 
and  L. 

On  Wednesday  afternoon,  his  Excellency  the  Hon.  Sir  Walter  Hely- 
Hutchineon,  Governor  of  the  Cape  Colony,  received  members  and  others  at  Goyem- 
ment  House.  In  the  evening,  his  Worship  the  Mayor  (Mr.  H.  laberman)  held  a 
Reception  at  the  City  Hall. 

On  Thursday  afternoon,  members  undertook  short  excursions  in  the  Cape 
Peninsula ;  and  in  the  evening  Professor  Poulton  lectured  on  *  W.  J.  BurcheU's 
Discoveries  in  South  Africa '  {vide  p.  629). 

The  University  of  the  Cape  of  Good  Hope  conferred  honorary  degrees  on 
the  following  representative  members  of  the  British  Association  : — DoctarM  qf 
Scienee :  Professor  George  Darwin,  President  of  the  Association  ;  Sir  WUliam 
Crookes,  Past  President  of  the  Association ;  Sir  David  Gill,  Astronomer-Royal ; 
Professor  Porter,  McGill  University,  Montreal;  Professor  Davis,  Harvard 
University;  Dr.  Backlund,  Director  of  the  Nicholas  Observatory,  P\dkowa; 
Professor  Bohr,  Copenhagen ;  Professor  Engler,  Berlin ;  Professor  Eaptevn, 
Groningen  University ;  Professor  Penck,  Vienna ;  and  Dr.  Sjogren,  Stockholm. 
Docton  of  Literature  :  Sir  Richard  Jebb;  Dr.  Murray,  editor  of  the  Oxford  Dic- 
tionary ;  and  Professor  Cordier,  Paris. 

On  Friday  afternoon,  Sir  David  and  Lady  Gill  received  members  at  the  Royal 
Observatory.  In  tHe  evening,  Mr.  Vernon  Boys  delivered  a  lecture  on  *  Some 
Surface  Actions  of  Fluids.'  votes  of  thanks  to  the  Government  and  municipal 
authorities  and  to  the  Local  Committees  were  cordially  adopted. 

Owing  to  the  requirements  of  the  mail  service,  the  *'  Saxon,'  conveying  a  large 
number  of  members  of  the  Association,  left  on  Friday  evening  for  Durban,  calling 
at  Port  Elizabeth  and  East  London.  The  two  special  trains  provided  by  th^ 
Cape  Government  Railways  also  left  on  Friday  evenmg  for  Durb^  ^ 

^ v^oogle 
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Saturday,  August  19,  was  devoted  to  wkole-day  excursions,  the  remaining 
members  leaving  in  the  evening  on  the  *  Durham  Qpstle '  for  Durban  direct. 

The  Union  Castle  Steamship  Company  was  represented  throughout  hy  Mr. 
Robertson  F.  Qibb,  whose  delegated  powers  greatly  facilitiated  the  arrangements 
at  various  stages.    A  baggage-master,  provided  by  Messrs.  Pick^rd,  who  initiated 

Fig.  1.— Track  Chart. 


the  baggage  and  laundry  arrangements,  accompanied  the  party  from  Cape  Town ; 
and  each  train  carried  representatives  of  the  respective  railways. 

Special  Trains, — In  addition  to  the  two  special  trains  provided  by  the  Cape 
Government  Railwavs,  to  which  reference  has  been  made,  the  Natal  Government 
rided  two  n)ecial  traips  for  the  return  journey  to  the  Victoria 


Railways  alao  provid 


620  HEPORT— 1906. 

Falls,  The  Railways  AdmiDistratioii  was  represented  bj  Mr.  B.  G.  Heald,  of  the 
chief  traffic  manager's  office  at  P^^  Town ;  and  the  four  special  tarains  were  under 
the  superintendence  of  Mr.  F.  Wille,  assistant  traffic-manager.  Seats  on  the 
special  trains  were  assigned  to  the  over-sea  members  bj  Sir  David  QiU..  FcM 
passes  on  the  railways  were  issued  to  the  following : — 

1.  Over-sea  Members : 

(a)  Available  over  the  Cape  Government,  Natal,  Central 

South  African,  Rhodesia,  and  Beira  and  Mashonaland 
Railways 125. 

(b)  Available  over  all  but  Rhodesia  and  Beira  and  Mashona- 

land Railways       222: 

2.  Members  resident  in  South  Africa  : 

{c)  Available  over  all  but  Rhodesia  and  Beira  and  Mashona- 
land Railways 85; 

Total    ........    432 

Bnrbaii  i  August  22  and  August  23.~The  two  special  trains  from  Gape  Towi^ 
and  the  Union  Castle  steamships,  the  '  Durham  Castle '  and  the  '  Saxon,^  arrived 
at  Durban  on  the  morning  of  Tuesday,  August  22.  In  the  afternoon,  an  official 
Reception  was  held  in  the  Town  Hall,  the  Mayor  of  Durban  being  in  the  chair ;. 
and  a  garden  party  was  given  bv  Sir  Benjamin  Greenacre.  In  the  evening,  Mr.. 
Douglas  W.  Freshfield  lectured  in  the  Town  Hall  on  '  Mountains  of  the  Old 
World'(wa<jp.629). 

The  following  day  was  devoted  to  excursions ;  and  in  the  evening  Professor 
Herdman  lectur^  in  the  Town  Hall  on  '  Marine  Biology  and  its  Applications  ta 
Sea  Rsheries '  (vide  p.  630). 

Fletermaritabiim  August  24  and  August  26. — The  four  special  trains  from, 
Durban  arrived  at  Pietermaritzburg  in  the  afternoon.  A  Eeception  and  garden 
party  at  Government  House,  given  by  his  Excellency  Sir  H.  £.  McGallum„ 
attracted  a  large  gathering.  In  the  evening,  Colonel  Bruce  lectured  in  the  City 
Hall  on  '  Sleeping  Sickness  *  (aide  p.  030). 

The  lecture  was  preceded  by  a  civic  Ileception  by  the  Mayor  and  Council  of 
the  city.' 

The  following  day  was  occupied  with  excursions;  and  in  tbe  evening  Mr.  H.T« 
Ferrar  lectured,  by  special  request  of  the  Mayor  and  Local  Committee,  on  tho 
*  Antarctic  Regions  *  {vide  p.  630). 

Among  the  excursions  was  one  to  the  native  locations  at  Henley,  whence  & 
large  partv  was  conveyed  by  special  trains.  The  visitors  witnessed  a  Kaffir  dance, 
performed  by  1,000  natives,  in  the  presence  of  his  Excellency  the  Governor  as 
supreme  chief.    This  was  followed  by  a  UHtive  wedding. 

Colenao  and  Joidymith :  August  26  and  August  27. — ^Two  days  were  spent 
in  visiting  the  battlefields  of  Natal.  Members  slept  at  Colenso  in  the  four  special 
trains  on  Saturday,  August  26,  and  left  Ladysmith  on  the  afternoon  of  Sunday 
for  Johannesbui^. 

JolianiiMibiirff  s  August  28  to  September  1. — Members,  on  their  arrival  at 
Johannesburg,  were  met  by  the  Reception  Committee  and  their  respective  hosts. 
The  afternoon  was  spent  in  visits  to  the  mines.  In  the  evening,  the  Mayor  and 
Town  Council  held  a  Reception  at  the  Wanderers*  Club. 

The  Sectional  meetings,  adjourned  from  Cape  Town,  were  resumed  on  the 
Tuesday  morning.  Sections  A,  B,  C,  E,  G,  and  L  met  at  the  Transvaal  Technical 
Institute;  the  other  Sections  in  the  C.SA.R.  building.  Presidential  Addresses 
were  delivered  to  Sections  B,  C,  G,  I,  K,  and  also  again  to  L. 

In  the  afternoon,  his  Excellencv  the  Right  Hon.  the  Earl  of  Selbome,  High 
Commissioner  for  South  Africa  and  Governor  of  the  Transvaal  and  Orange  River 
Ck)lony,  and  Lady  Selbome  held  a  Reception  and  garden  party  at  Sunnjrside.    In 

'  See  page  624  for  tjie  texU  of  Addre^  of  Welcome  and  the  President's  reply« 
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the  eyening,  Professor  Ayrton  lectured  in  St/ Mary's  Hall  on  the  *  Distribution  of 
Power/ 

On  Wednesday  morning,  work  was  continued  in  the  seyeral  Sections ;  and  in 
the  evening,  Professor  Darwin  delivered  the  secotid  portion  of  his  Presidential 
Address.  Mr.  Lamplugh's  report  on  his  expedition  to  the  Batoka  Gorge  was 
given  as  an  afternoon  Address  to  the  Geological  Section  (vide  p.  292). 

Fig.  2.— Route  Map. 


Thursday  was  entirely 'occupied  with  the  visit  to  Fretoiia.  Lunches  were 
given  at  the  three  principal  hotels ;  and  a  large  party  visited  the  Premier  Diamond 
Mine.  Sir  Arthur  Lawfey,  Lieutenant-Governor  of  the  Transvaal,  gave  a  garden 
party  at  Government  House ;  and  in  the  evening  Mr.  Shipley  lectured  on  '  Ply- 
oome  Diseases '  (vid^  p.  631).  On  the  same  evening,  in  Johannesburg,  Professor 
Arnold  lectured  on  '  Steel  as  an  Igneous  Rock '  {vide  p.  630).  ^  j 
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The  final  meetings  of  the  Sections  wem  held  «t  JobaiuittSbiiiv  on  Fiiday 

morning.    The  General  Committee  and  the  Committee  of  Recommendations  Diet 
in  the  afternoon 

At  the  Concluding  General  Meeting,  the  following  Resdiations  were  passed : — 

1.  Thanks  to  the  High  Commissioner  and  to  the  Lieutenants^ overnor  of  the 
Transvaal,  and  to  the  Mayor  and  Corporation  of  Johannesburg,  for  their  reception 
of  the  British  Association,  and  for  the  facilities  which  they  placed  at  the  dispos&l 
of  the  Meeting. 

2.  Thanks  to  the  President  and  officials  of  the  South  African  Association  for 
the  Advancement  of  Science,  and  to  the  Local  Committees  at  Johannesburg-  and 
Pretoria,  for  the  admirable  arrangements  made  in  connection  with  the  visit  of  the 
British  Association. 

8.  Thanks  to  the  gentlemen  and  public  bodies  who  hospitably  entertained 
the  members  of  the  British  Association,  to  firms  and  companies,  and  to  the  com* 
mittees  of  clubs  and  other  institutions  who  opened  their  premises  to  members, 
and  also  to  the  Press  for  their  admirable  reports  of  the  proceedings. 

The  special  trains  left  in  the  evening  for  Bloemfontein. 

Bloemf ontein  i  September  2  and  oeptetnber  3. — On  the  arrival  of  members  at 
Bloemfontein,  an  official  Reception  was  held  in  the  Town  Hall.^  In  the  afternoon, 
Chief  Justice  Fawkes,  on  behalf  of  his  Excellency  Sir  H.  J.  Goold-AdamSf 
Lieutenant-Governor  of  the  Orange  River  Colonv,  held  a  Reception  at  the 
Residency.  In  the  evening,  Mr.  Arthur  R.  Hinks  lectured  on  *The  Milky  Way 
and  the  Clouds  of  Magellan  '  {vide  p.  631). 

On  Sunday  mornings  a  visit  was  paid  to  the  Government  Experimental  and  Stud 
Farm  at  Tweespruit. 

Treks  and  E.vcursioris.—'Between  the  meetings  of  the  Association  at  Cape 
Town  and  Kimborley,  extended  excursions  were  undertaken,  chiefly  by  the  geolo' 
gists,  in  Cape  Colony*  Natal,  and  the  Transvaal.  Parties  of  trekkers  also  left 
Bloemfontein  for  Kimberley,  and  Pretoria  for  Mafeking.  The  latter  party  was 
welcomed  at  Zeerust." 

Xlmberlej :  September  6  to  September  7. — Members  spent  the  whole  of  Monday, 
September  4,  in  the  special  trains,  arriving  at  Kimberley  early  on  the  morning  of 
September  6.  After  being  welcomed  by  the  Reception  Committee,  they  paid 
visits  to  the  mines.  In  the  afternoon,  a  garden  party  was  given  by  his  Worship 
the  Mayor  (Mr.  Tyson) ;  and  in  the  evening  Sir  William  Crookes  lectured  in  the 
Town  Hall  on  *  Diamonds.'  Sir  William  Crookes'  lecture  was  re-delivered  on  the 
following  afternoon. 

Wednesday  was  occupied  with  excursions ;  and  in  the  evening  Professor 
Porter  lectured  on  *  The  Bearing  of  Engineering  on  Mining.' 


The  special  trains  left  Kimberley  on  Thursday  aft43rnoon  for  Bulawayo. 

Bulawayo;  September  0  and  September  10. — Bulawayo  was  reached  on 
Saturday  morning,  after  a  journey  of  thirty -eight  hours.  Visits  were  paid  to  the 
Ilhodesian  Museum,  which  was  formally  opened  by  the  President ;  and  a  Reception 
was  held  at  Government  House  by  Mr.  Frank  Newton,  Treasurer  of  Rhodesia,  as 
representing  Sir  William  Milton,  Administrator  of  Southern  Rhodesia,  who  was 
absent  in  Europe. 

In  the  evening,  after  a  Reception  in  the  Grand  Hotel  Hall,  Mr.  Rand«ill-Maclver 
lectured  on  '  Rhodesian  Ruins  '  (vide  page  301). 

An  excursion  to  the  Matopo  Hills  was  made  on  Sunday,  when  a  service  was 
held  at  the  grave  of  the  late  (-ecil  Rhodes.  The  special  trains,  carrying  330 
members,  left  for  the  Victoria  Falls  on  Monday  morning,  Sept^mher  11. 

Victoria  Falls  s  Septeinber  1 2  and  September  13. — Arriving  early  in  the  morn- 
ing of  Tuesday,  members  spent  the  whole  of  the  day  in  visiting  various  points  of 
interest' at  the  Victoria  Falls.  The  railway  bridge  over  the  Zambesi  was  formally 
opened  by  the  President.    The  British  South  Africa  Company,  represented  by  ^r 

*  See  pages  626, 626  for  the  texts  of  Address  of  Welcome  and  the  President's  reply. 

*  See  pages  626-628  for  the  texts  of  Addresses  of  Welcome  and  the  Presideot's 
feplies. 
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OharleB  Metcalfe^  Mr.  Newton,  and  other  offieiaLB,  enfortained  a  nomber  of  the 
official  party.  A  special  series  of  postage  stamps  was  issued  to  oommemorate  the 
eyent. 

The  following  telegrams  of  congratulation  were  received  by  Sir  Charles 
Metcalfe : — 

From  the  British  South  Africa  Oompany,  Ijondon,  September  12:'  President 
and  directors  congratulate  you,  also  distinguished  President  British  Association, 
bridge  contractors,  and  people  of  Khodesia,  on  opening  bridge  to-day,  fifteenth 
anniversary  occupation  Mashonaland.  Very  fitting  that  foremost  representatives 
of  science  should  be  associated  with  inauguration  of  triumph  of  modern  engin- 
eering. Regret  founder  of  country  is  not  alive  to  witness  realisation  of  part  of 
his  great  ideal.' 

From  H.E.  Earl  Grey,  G.C.M.G.,  Govemor<General  of  Canada,  Ottawa, 
September  111  ' Ea\y  your  privilege  receiving  British  Association  Victoria 
Falls.  Tell  Professor  Darwin  hope  permanent  fertilisation  in  form  of  stimulated 
scientific  activity  in  Zambesi  Valley  may  result  from  picnic/ 

The  visitors  left  for  Bukwayo  in  the  afternoon  of  Wednesday. 

Bulawajo  s  September  14. — Membem,  on  their  return  to  Bulawayo,  early  in 
the  moroing  of  Thursday,  Septomber  14,  were  entertained  at  a  complimentary 
gymkhana  on  the  racecourse. 

In  the  afternoon,  the  trains  were  re-arranged,  and  started  in  sections  for  Beira 
and  Cape  Town. 

Saliabary  i  September  16. — The  Beira  party,  numbering  206  members,  were 
received  at  Salisbury  by  the  Mayor,  the  Acting  Administrator,  and  the  Resident 
Commissioner.  They  were  entertained  at  a  banquet  in  the  Drill  Hall.  The  trains 
resumed  their  journey  in  the  evening. 

Vmtall  s  September  16. — The  day  was  spent  at  Umtali,  between  the  arrival 
and  departure  of  the  special  trains.  Members  were  entertained  at  luncheon  by 
the  Local  Committee. 

Portuguese  officials,  representing  the  Governor  of  Mozambique,  met  the  party  at 
Umtali,  and,  with  others  who  joined  at  the  frontier,  accompanitxl  the  party  to  Beira. 

Beira  s  September  17. — ^The  party  reached  Beira  early  on  Sunday  morning, 
September  17,  and  were  received  by  the  Portuguese  authorities,  the  Consular 
Corps,  representatives  of  the  Companhia  de  Mofambique,  and  representatives  of 
the  Champer  of  Commerce. 

A  Reception  was  held  at  the  Residency ;  and  subsequently,  members  were 
entertained  at  luncheon  by  H.E.  the  Governor  (Senhor  Piuto  Basto). 

The  'Durham  Oastle,'  carrying  206  members, sailed  in  the  afternoon,  homeward 
bound  via  the  Suez  Canal. 

The  following  farewell  telegram,  addressed  to  all  South  African  newspapers, 
was  despatohed  by  the  President :  <  British  Association  thanks  people  of  South 
Africa  for  splendid  reception  horn  Capetown  to  Beira.  Impossible  adequately  to 
repay  hospitality  shown,  but  the  remembrance  will  remain  indelible  in  minds  of 
visitors  from  oversea.  Facts  observed  will  furnish  material  for  many  scientific 
memoirs,  and  it  is  likely  that  South  Africa  will  be  repaid  by  stimulated  scientific 
activity. — Dakwik.' 

The  President  also  sent  letters  of  thanks  to  the  leading  officers  and  officials. 

The  West  Coast  party  arrived  at  Cape  Town  in  the  afternoon  of  the  same  day, 
and  sailed  in  the  *  Armadale  Castle '  on  September  20  for  Southampton. 

London:  The  Council,  at  its  sitting  on  November  .3, 1905,  passed  the  following 
Reeolutions,  which  were  despatched  to  Sir  David  Gill,  Chairman  of  the  Centru 
OrganiaiBg  Committee  for  South  Africa,  for  transmission  to  those  concerned : — 

(i)  '  That  the  Council  of  the  British  Association  for  the  Advancement  of  Science 
desires  to  place  on  record  its  high  appreciation  of  the  cordial  reception  ffiven  to  its 
officers  and  members  throughout  the  sub-continent  by  the  representatives  of  the 
several  Colonies  and  Administrations,  and  to  convey,  through  the  Central  Organ- 
ising Committee,  its  grateful  thanks  for  the  generous  hospitalities,  privileges,  and 
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concessions  extended  to  them  on  the  occadon  of  the  yisit  of  the  Aseociation  to 
South  Africa  in  1005/ 

(ii)  <  That  the  Council  of  the  British  Association  for  the  Advancement  of  Sdeiioe 
desires  to  convey,  through  the  Central  Organising  Committee  for  South  Africa,  its 
cordial  appreciation  of  the  generous  reception  by  the  Portuguese  reprosentatiTeB 
and  authorities  at  Beira  of  the  officers  and  members  of  the  Aiwociation  on  the  day 
of  their  embarkation  for  Europe.' 

The  General  Committee,  adjourned  frum  Johannesburg,  met  in  London  oo 
October  31,  and  the  Conference  of  Delegates  held  Meetings  on  October  30  and  31. 

In  commemoration  of  the  visit  of  the  Association  to  South  Africa,  a  fund  was 
raised  for  the  endowment  of  a  Medal  and  Scholarship  or  Studentship  for  South 
African  Students  (see  p.  631);  and,  with  the  consent  of  the  Council,  the  South 
African  Association  for  the  Advancement  of  Science  have  prepared  for  publication, 
in  four  volumes,  all  the  papers  of  South  African  interest  read  at  the  Sectional 
meetings. 


II. 

Addresses  of   Welcome. 

PIETERMARITZBURG. 

To  Professor  Howard  Darwin,  M.A.,  LL.D.,  F.R.S.,  F.R.A.S.,  Presi- 
dent, AND  THE  Members  of  the  British  Association  for  the 
Advancement  op  Science. 

We,  the  Mayor  and  Town  Council  of  the  City  and  Borough  of  Pietermarilz- 
burg,  the  capital  of  the  Colony  of  Natal,  and  as  such  representing  the  burgesses 
and  inhabitants  thereof,  desire  to  tender  you  a  most  cordial  welcome  to  our  city 
on  the  occasion  of  your  visit  to  South  Africa. 

We  esteem  it  a  high  honour  to  have  so  many  distinguished  and  scientific  men  in 
our  midst,  and  we  desire  to  express  the  hope  that  your  visit  will  be  one  of  grpat 
importance  to  South  Africa,  in  the  advancement  of  science  and  its  attendant 
results  upon  commercial  aspirations. 

We  feel  confident  that  members  of  the  British  Association  iirill  find  that  this 
portion  of  His  Majesty's  Empire  has  not  been  slow  to  take  advantage  of  the 
results  of  science,  and  we  earnestly  hope  that  the  present  visit  will  bring  about  an 
interchange  of  intercourse  which  will  oe  of  immense  benefit,  not  only  to  South 
Africa,  but  to  the  British  Empire. 

We  trust  that  your  stay  amongst  us  will  be  a  very  pleasant  one,  and  that  your 
sojourn  in  South  Africa  will  be  fraught  with  good  results  in  the  interests  of  scien- 
tific research. 

Signed,  on  behalf  of  the  Town  Council  and  inhabitants  of  Pietermaritzburg, 
this  21th  day  of  August,  1005. 

A.  W.  Kbrbhaw,  Mayor. 
D.  A.  V.  Walker,  Town  Clerk. 

Reply, 

To  his  Worship  the  Mayor  and  to  the  Members  op  the  Town 
Council  op  the  City  and  Borough  of  Pietsrmaritzbvrg  ik 
Natal, 

Sir  George  Howard  Darwin,  Knight  Commander  of  the  Bath,  President 
of  the  British  Association  for  the  Advancement  of  Science,  has  the  honour  of 
acknowledging  the  receipt  of  a  copy  of  the  Address  which  the  Mayor  and  Town 
Council  of  Pietermaritaburg  presented  to  the  Association  on  the  24th  day  of  AuguH 
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last.    The  beautifully  illaminated  parchment  in  which  the  copy  is  embodied  will 
be  treasured  amongst  the  most  valued  archives  of  the  Association. 

The  President  desires  to  avail  himself  of  the  present  opportunity  of  renewing 
his  previous  expressions  of  gratitude  to  the  burgesses  and  inhabitants  of  Pi^ter- 
mantzburg  for  the  magnificent  reception  and  for  the  generous  hospitalit;^  accorded 
to  the  members  of  the  Association  on  the  occasion  of  their  memorable  visit  to  the 
beautiful  and  poeperous  Colony  of  Natal. 

The  Ck)uncil  of  the  British  Association  cordially  reciprocate  the  eloquent  words 
of  friendship  contained  in  the  Address ;  and  they  express  the  hope  that  the  visit 
may  afford  an  incentive  to  study  and  research,  not  only  in  the  realms  of  pure 
knowledge,  but  also  in  those  applications  of  science  which  have  such  diverse  and 
supreme  importance  in  the  development  of  commerce. 

The  members  of  the  British  Association,  during  their  long  and  varied  journey 
through  South  Africa,  have  reaped  a  rich  harvest  of  observation  in  many  depart- 
ments of  science.  The  Council  confidently  expect  that  these  observations  will  be 
the  startin|]^-point  of  many  investigations  on  subjects  having  a  special  bearing  on 
South  Africa ;  and  they  hope  that  in  this  manner  the  members  of  the  Association 
may  be  enabled  in  some  degree  to  repay  the  deep  debt  of  gratitude  under  which 
they  lie  to  their  fellow-subjects  of  the  King  beyond  the  seas. 

Signed,  on  behalf  of  tne  Council  of  the  British  Association,  this  30th  day  of 
November,  1006. 

G.  H.  Darwik, 
PreHdetit  of  the  British  AssocicUion 
for  the  Advancement  of  Science, 
Burlington  House,  London,  W. 


BLOEMFONTEIN. 
To  THE  President  and  Members  op  the  British  Association. 

Ladies  and  Qentlemen, — On  behalf  of  the  members  of  the  Philosophical 
Society  of  the  Orange  Hiver  Colony,  we  desire  to  join  in  welcoming  you  to  our 
Colony  and  to  the  city  of  Bloemfontein.  Our  Society  is  as  yet  so  young  that  we 
should  hardly  have  ventured  to  do  so,  were  it  not  that  at  present  it  is  the  only 
Society  in  this  Colony  whose  aims  and  objects  are  akin  to  those  of  your  great 
Association. 

Formed  only  since  the  declaration  of  peace,  and  seeking  to  develop  amidst  all 
the  difiiculties  of  the  work  of  reconstruction  which  has  occupied  the  last  four 
years,  you  will  easily  understand  that  it  has  not  been  possible  for  us  to  do  much, 
or  to  do  what  we  have  done  very  thoroughly,  but  if  we  refer  to  what  has  been 
done  or  what  we  are  proposing  to  do  in  the  near  future,  we  feel  sure  you  will 
consider  we  are  proceeaing  on  right  lines,  and  give  promise  of  really  useful 
work  in  the  time  to  come. 

Papers,  followed  by  interesting  discussions,  have  been  read  by  Dr.  Brill,  Bector 
of  Grey  College,  on  Social  Life  in  Bloemfontein  in  early  days ;  by  Mr.  Lyle, 
Science  Lecturer  of  the  Grey  College,  on  the  Discovery  and  Nature  of  Badium ; 
by  Miss  Stetdman,  Principal  of  the  Girls'  High  School,  on  Adaptations  in 
Plants  in  the  Orange  River  Colony,  and  in  June  last  year  we  were  fortunate  in 
having  a  lecture  from  Professor  Hele  Shaw  on  Aerial  Navigation. 

Mr.  Glenday,  of  the  Government  Works  Department,  read  a  paper  on 
Irrigation,  which  we  have  been  able  to  nublish ;  the  Rev.  Z.  Lawrence  lectured 
on  Tolstoi  and  Modem  Russia ;  and  the  Right  Rev.  Dr.  Chandler,  Bishop  of 
Bloemfontein,  gave  an  address  on  Plato  and  the  Greek  Ideals  of  Education :  this 
was  largely  attended  by  the  teachers  of  the  Colony. 

We  have  promises  of  papers  from  Dr.  Targett^ Adams,  Mr.  Stead,  and  Mr.  Weall, 
the  Government  analysts;  Dr.  Pratt  Yule,  medical  oiiicer  of  health  for  the 
Colony ;  Major  Gray,  head  of  the  Municipal  Police ;  Dr.  Mossop,  Mr.  H^B. 
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Austio,  the  Rev.  C.  S.  Franklin  on  Native  Folklore,  Mr.  Be  war  on  Ento- 
mology, Dr.  Potts  on  Agricultural  Natural  Historj,  and  Mr.  Ivan  H.  Haarburger 
on  the  work  of  Profeesor  Max  Miiller. 

The  increasing  number  of  corresponding  and  country  members,  from  whom  we 
may  hope  to  receive  notes  and  observations  of  matters  of  interest  in  their 
respective  neighbourhoods,  is  distinctly  encouraging. 

Assuring  you  of  the  pleasure  it  gives  us  to  join  in  welcoming  yon  to  our 
Colony,  and  hoping  that  you  will  carry  home  many  pleasant  recollections  of  your 
visit, 

We  have  the  honour  to  be, 

Ladies  and  Gentlemen, 
Very  faithfully  yours, 

HoBACfi  W.  Obford,  Aiding  Vice-President, 
J.  Bbill,  Past  Vice-President. 
O.  Hatch,  Hon,  Treasurer, 
W.  S.  Johnson,  Hon,  Secretary, 
BIoemfonteiD, 

Sejftember  2,  1905. 

Eeplf/. 

To  THE  President  and  Memberh  of  the  Philosophical  Society  of 
THE  Orange  River  Colony,  Bloemfontein,  South  Africa. 

Burlington  House,  London,  W. 

November  30,  1905. 

Gentleuen, — On  behalf  of  the  Council  of  the  British  Association,  I  beg  leave 
to  give  you  a  formal  acknowledgment  of  the  receipt  of  a  copy  of  the  Address  of 
Welcome  presented  on  the  second  day  of  September  last  by  the  Philosophical  Society 
of  the  Orange  River  Colony  to  the  members  of  the  Association. 

The  foundation  of  your  Philosophical  Society  affords  a  proof  that  intellectual 
interests  are  firmly  implanted  in  the  minds  of  the  inhabitants  of  the  Colony ;  and 
we  are  convinced  that  conditions  oC  economic  and  political  prosperity  will  lead 
your  Society  onward  from  the  fair  promise  of  its  youth  to  a  flourisning  maturity. 

Although  our  \isit  to  Bloemfontein  was  necessarily  brief,  yet  it  has  left  an 
impression  which  will  not  easily  be  effaced  from  the  recollection  of  those  whose 
privilege  it  was  to  receive  such  a  cordial  welcome  and  such  hoepitable  enter- 
tainment. 

I  beg  leave,  Gentlemen,  to  remain, 

Yours  faithfully, 

G.  H.  Dabwin, 
President  of  the  British  Association 
for  the  Advaneefnent  of  Science, 


ZEERUST  (TRANSVAAL). 

The  Members  of  the  British  Association  for  the 
Advancement  of  Science. 

Zeernst,  Transvaal. 

Se^ptcmber  1905. 

Gentleman, — We,  the  undersigned  Chairman  and  members  of  the  Zeerust 
Municipal  Council,  as  representing  the  citizens  of  the  town  of  Zeerust,  tender  you 
our  mc&t  hearty  welcome.  While  regretting  the  brevity  of  your  stay  in  our 
mid^t,  we  feel  honouied  in  being  sccorded  the^  opportunity  of  meeting  some  of  the 
greatest  men  produced  by  the  British  nation.  ^-^  ^ 
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We  are  conYinced  that  your  yisit  to  these  shores  has  been  made  at  considerable 
personal  sacriBce  by  some  of  you,  but  the  benefit  derived  therefrom  by  this  sub- 
continent in  particular,  and  the  whole  scientific  world  in  general,  cannot  be  oyer- 
estimated.  We  trust  your  tour  has  been  both  pleasant  and  interesting  to  yourselves, 
and  hope^that  your  future  progress  will  be  accompanied  with  the  same  good 
fortune,  so  that  when  you  return  to  jour  homes  you  will  feel  satisfied  that  you 
have  been  fully  compensated  for  the  time,  trouble,  and  expense  offered  up  by  you 

S.  J.  Fattbubsuno,  Chairman, 
T.  G.  Sephtoit, 

W.  DiOTBIA, 

J.  Thomson,  jun., 

Ernest  W.  Swbslet,  \Member8, 

J.  C.  Tbuscott, 

Edwabd  Sbphton, 

DUBBtL  W,  BI6HOP, 

Eeply, 

To  THE  Chairman  and  Members  of  the  Municipal  Council, 
Zeebust,  Transvaal,  South  Africa. 

Burlington  House,  London,  W. 

Novembm'  30, 1905. 

GENTL£MEN,-^On  behalf  of  the  Council  of  the  British  Association,  I  beg  leave 
to  give  you  a  formal  acknowledgment  of  the  receipt  of  the  Address  of  Welcome 
presented  to  the  members  of  the  Association  who  visited  Zeerust ;  and  I  desire 
turther  to  thank  the  Municipal  Council  for  the  generous  reception  accorded  to 
them. 

We  feel  sure  that  both  for  hosts  and  guests  the  visit  to  South  Africa  will 
prove  a  fruitful  stimulus  to  the  advancement  of  science,  and  to  the  cordial 
relationships  established  throughout  our  memorable  tour  in  South  Africa 
I  beg  leave,  Gentlemen,  to  remain, 

.  Yours  faithfully, 

G.  H.  Dabwin, 
President  of  the  British  Association 

for  the  Advancement  of  Science, 

From  the  Marico  Agricultural  Society  to  the  Chairman  and 
Members  of  the  British  Association. 

.     -_  Zeerust, 

Septemhcr  5, 1905. 

Gentlemen, — It  gives  us,  the  farming  community,  great  pleasure  in  presenting 
this  Address  of  Welcome  to  you  to  the  sbores  uf  South  Africa  in  general,  more 
particularly  to  our  little  villa^,  Zeerust.  We  are  not  in  a  position  to  receive  you 
with  the  great  pomp  of  the  big  places ;  but,  nevertheless,  we  can  assure  you  tbat 
we  welcome  you  with  a  cordial  welcome.  Taking  the  object  of  your  visit  to  be 
manifold,  trusting  on  coming  to  the  end  of  your  tour,  you  will  alwajs  be  able  to 
look  back  to  this  your  visit  as  profitable  in  the  advancement  of  scieoce,  as  well  as 
pleasurable  to  yourselves. 

We  are  glad  to  have  such  a  strong  representative  body  of  highly  cultured 
members  of  the  British  Empire  here,  thanking  you  at  the  same  time  by  con8ider- 
ing  this  our  remote  part,  and  to  have  planned  it  so  that  we  could  meet  a  section 
of  the  Society  face  to  face,  hoping  it  will  tend  to  strengthen  the  link  between  the 
people  of  Great  Britain  and  ber  Colonies  in  general,  and  this  country  in  particular, 
by  getting  to  know  each  other  belter ;  the  tame  will  then  be  true  if  a  repietentative 
body  from  South  Afrjca  shoujd  visit  Great  Britam. 
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We  farther  ixust  when  the  time  comes  for  you  to  return  to  jour  homes,  from 
whenoe,  no  doubt,  your  every  movement  is  closely  watched  with  the  greatest 
interest,  you  will  be  able  to  say  that  a  great  and  permanent  stsp  has  been  taken 
in  the  matter  of  drawing  togetner  the  bonds  of  brotherhood  of  sciencoi  as  well  as 
the  promotion  of  a  better  feeling  between  His  Majesty*s  subjects  in  tlie  Colonies 
and  Qreat  Britain  to  follow. 

We  therefore  wish  you  a  prosperous  journey  and  a  safe  return  home,  loaded 
with  firesh  problems  to  be  solved,  so  as  to  add  on  to  make  life  more  worth 
living  for. 

We  are,  Oentlemen, 

Yours  very  faithfully, 

J.  L.  YAX  Eeerdet,  PreMent. 

D.  L.  BoTHE,  Vice-President. 

G.  £.  Belleville^terit,  Secretary. 

O.  J.  VOETHIKGEN. 
p.  C.  SWTMAK. 

.J.  D.  L.  Botha. 

F.  A.  Jacobs. 

G.  Kabie. 

Reply. 

To  THE  President  of  the  Marico  Agricultural  Society,  Zberust, 
Transvaal,  South  Africa. 

Burlington  House,  London,  W. 

November  30, 1905. 

Sir, — ^On  behalf  of  the  Council  and  members  of  the  British  Association,  I 
b€^  leave  to  give  a  formal  acknowledgment  of  the  receipt  of  the  Address  of 
Welcome  handed  by  you  to  the  members  of  the  Association  who' visited  Zeerust. 
It  was  very  gratifying  to  the  whole  British  Association  that  the  reception  accorded 
to  those  of  our  number  who  passed  through  the  important  agricultural  centre  of 
Zeerust  should  have  been  so  cordial. 

In  every  part  of  South  Africa  we  were  met  with  demonstrations  of  friendship 
which  never  can  be  effiiced  from  our  memory.  The  relationship  of  science  to  the 
industries  pursued  in  the  larger  towns  is  somewhat  more  obvious,  although  not 
more  real,  than  its  bearing  on  agriculture.  The  cities  of  South  Africa  vied  with 
one  another  in  a  generous  rivalry  as  to  which  should  accord  to  us  the  most 
magnificent  welcome.  It  was  a  far  more  difficult  task  for  a  scattered  agricultural 
population  to  prove  to  U8  its  kindly  feeling;  but  you,  Sir,  by  the  hospitality 
shown  to  our  members  have  overcome  this  difficulty,  and  I  venture  to  assure  you 
that  we  regard  the  Address  presented  to  us  as  amongst  the  most  interesting  of  the 
recoids  of  our  journey  in  South  Africa. 

I  beg  leave  to  remain,  Sir, 

Yours  faithfully, 

Q.  H.  Darwin, 
Trenide^it  of  the  British  Asifociatio7i 

for  the  Advancement  of  Science. 
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Date  and  Place 


Aug.  17. 

Aog.  18. 

Aug.  22. 

Aug.  23. 
Aug.  24. 
Aog.  26. 
Ang.  28. 
Aag.  31. 
Aug.  81. 


Cape  Town 
Gape  Town 
Durban  


III. 

Lectures. 


I 


Lecturer 


Durban  

Pietermaritzbnrg 
Pietermaritzburg 
Johannesburg  - -' 
Johannesburg 
Pretoria 


Sept.  2.  Bloerafontein., 


Sept.  5. 
S^pt.  6. 


Kimberley  . 
Kimberley  . 


Sept.  9.  Bnlawayo 


Professor  Ponlton 

Mr.O.V.Boys 

Mr.  D.  Freshfield 

Professor  Herdman.. 

Colonel  D.  Bruce 

Mr.  H.  T.  Ferrar 

Professor  Ayrton 

Professor  Arnold 

Mr.  A.  E.  Shipley 

Mr.  A.  R.  Hinks  

Sir  William  Crookes 
Professor  Porter  

Mr.  Randall-Maclver 


Subject 


W.  J.  Burchell's  Discoveries 

in  South  Africa. 
Some    Surface    Actions    of 

Fluids. 
The    Mountains  of  the  Old 

World. 
Marine  Biology. 
Sleeping-sickness. 
The  Cruise  of  the  *  Discovery. 
Distribution  of  Power. 
Steel  as  an  Igneous  Rock. 
Fly-borne  Diseases,  Malaria, 

&c. 
The  Milky  Way  and  the  Clouds 

of  Magellan. 
Diamonds. 
Bearing   of   Engineering  on 

Mining. 
The  Ruins  of  Rhodesia. 


BRIEF  NOTICES. 

Professor  Edward  B.  Poulton,  D.Sc.,  F.R.S. :  IT.  J.  BurcMTs 
Discoveries  in  South  Africa, 

The  lecturer  gave  a  brief  account  of  Burchell  s  life,  dwelling  especially  upon 
his  African  travels  (1810-1815)  from  Cape  Town  to  Litakun,  near  the  borders  of 
the  Kalahari  Desert ;  thence  south-east  to  the  mouth  of  the  Great  Fish  River,  and 
back  along  the  south  coast  to  the  startiog-potnt.  The  lecture  was  illustrated  by 
lantern  slides  representing  the  woodcuts  and  plates  of  Burchell's  classical  work  ^ 
and  of  his  memoirs,  together  with  specimens  of  his  collection  now  at  Oxford. 
His  unrivalled  skill  and  care  as  an  observer  and  collector  were  shown  by  many 
examples,  and  it  was  proved  by  extracts  from  his  African  and  Brazilian  (1826^ 
ISdOjl  manuscript  note-books  at  Oxford  that  he  had  observed  and  recorded  man^ 
striking  examples  of  protective  resemblance  and  mimicry — an  astonishing  antici- 
pation of  modem  research. 

The  lecturer  pointed  ont  that  the  great  majority  of  Burchell*8  invaluable  jonr- 
nals  were  unpublished  and  unknown,  viz.,  the  African  journal  beyond  August  8 , 
1812,  and  the  whole  of  the  Brazilian  jouical. 

Douglas  W.  Frkshfibld,  F.RG.S.  :  The  Mountains  of  the  Old  World. 

Mr.  Freshfield's  lecture  was  illustrated  by  numerous  lantern  views  of  the 
Caucasus  and  Himalaya.  He  sketched  in  outline  the  advance  made  in  the  practical 
exploration  and  scientific  appreciation  of  the  more  famous  of  the  mountains  of  the 
old  world  during  the  precedm^  century,  taking  as  his  starting-point  the  ascent  of 
Mont  Blanc  by  de  Saussure  m  1787.    Incidentally,  he  showed  to  how  large  an 

•  2Vawi#  in  the  Interior  or  Stntth  J/riea,  vol.  i.  1822 ;  vol.  ii.  1824.  t 
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extent  this  advance  was  due  to  the  growth  of  moantaiDeering  in  the  technical 
sense  of  that  term  and  to  the  means  of  communication  and  publication  aiibrded 
by  the  spread  throughout  Europe  of  Alpine  clubs.  His  survey  was  limited  to  the 
greater  rauges — the  Alps,  the  Caucasus,  and  the  Himalaya — with  a  few  words  on 
the  snows  of  Africa. 


^    Professor  W.  A,  Heedman,  D.Sc,  F.R.S.  :  Marine  Biology, 

The  full  title  of  the  lecture  was  '  Marine  Biology ;  especially  in  its  practical 
applications  to  Fbhing  Industries/  and  the  aeries  of  facts  and  piinciplea  involved 
were  illustrated  as  far  as  possible  by  lantern  slides.  The  lecturer  first  explained 
the  importance  of  '  plankton '  and  other  minute  oiganisms  in  the  sea  in  relation 
to  the  food  of  man.  He  then  passed  to  the  competition  amongst  organisms  in  the 
sea,  illustrated  by  complicated  life-histories  and  by  the  protective  and  other 
devices  that  are  resorted  to.  A  few  fishing  industries  were  then  examined,  such 
as  llat-fish  trawling,  oyster  culture  in  France  and  Holland,  and  the  pearl  fialieries 
of  Ceylon;  and  the  bearing  of  scientific  observations  qpon  all  of  these  was 
demonstrated.  Finally  the  lecturer  alluded  to  the  excellent  work  which  was 
carried  on  for  the  Cape  Government  by  Dr.  Gilchrist,  the  ofiicial  marine  biologist, 
and  recommended  co-operation  between  all  the  South  African  Colonies  in  explor- 
iog  their  coastal  waters  and  exploiting  the  fishing  industries. 

Colonel  David  Bruce,  C.B.,  F.R.S.  :  Sleeping  Sickness. 

The  lecturer  described  the  disease,  showing  that  the  incubation  period  might  be 
as  long  as  two  or  three  years.  It  is  caused  by  a  blood  parasite — Trypanosoma 
gamhiense — which  is  always  found  in  the  cerebro-spinal  fluid  and  blood  of 
sleeping-sickness  cases.  One  hundred  natives  in  the  sleeping-sickness  area  were 
examined,  and  25  per  cent,  of  them  found  to  be  infected  ;  while  in  the  non- 
sleeping-sickness  area  not  a  single  native  was  afi*ected.  A  tsetse-fly  {Glouiua 
palpalU)  was  found  to  be  the  carrier  of  the  disease.  The  distribution  of  this  fly 
in  .Uganda  was  worked  out  and  found  to  correspond  exactly  with  the  area  of 
sleeping-sickness.  Wild  flies  caught  in  the  sleeping-sickness  area  were  found  to 
be  able  to  infect  monkeys — in  fact,  that  sleeping-sickness  is  a  human  tsetse-fly 
disease. 

H.  T.  Ferrar,  M. A.  :  The  Cruise  of  the  •  Discovery.^ 

The  lecture  was  illustrated  by  lantern  slides.  The  equipment  of  this  Ant- 
arctic expedition  included  all  instruments  required  for  surveymg,  complete  sets  of 
meteorological  apparatus,  the  latest  pattern  of  pendulums  in  vacuo  for  determining 
tbe  force  of  gravity,  Eschenhagen  self-recording  magnetometers,  sounding 
machines,  electrometers,  a  balloon,  and  a  great  quantity  of  dredging  tackle.  Tbe 
object  of  the  expedition  was  '  the  advancement  of  science.'  Mr.  Ferrar  exflained 
the  scheme  of  international  co-operation  whereby  simultaneous  magnetic  and 
meteorological  observations  were  made  by  (I)  the  three  expeditions  winterinff  on 
opposite  sides  of  the  South  Pole ;  (2)  by  the  sub-stations  at  Cape  Town,  Ker- 
guelen,  and  Christchurch ;  and  (3)  by  the  observations  at  Kew  and  Berlin, 

Professor  J.  O.  Arnold  :  Steel  as  an  Igneous  Rock* 

The  lecturer  described  a  recent  discovery  he  had  made  in  a  broken  bolt,  vicf 
that  a  crystal  obtained  under  exceptionally  fortunate  optical  conditions  exhibited 
perfect  mineral  cleavage  exactly  parallel  to  the  faces  of  tne  cube,  thus  proving  iron 
to  be  a  veritable  mineral.  It  was  impossible,  as  a  rule,  to  obtain  the  microscopkutl 
conditions  under  which  such  deavsge  could  be  recognised.  The  lecturer  therefore 
suggested  that,  beyond  the  range  of  ordinary  opaque  microscopy,  there  existed  the 
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elue  to  the  sadden  and  mjaterions  fractures  of  steel  in  connection  with  a  develop- 
ment  of  perfect  cleavage.  He  trusted  that  what  he  had  said  might  convey  to  his 
hearers  the  fact  that  steel  metallurgv  was  not,  as  often  supposed,  a  matter  of 
boiling  pig  iron  and  slinging  ingots,  because  its  scientific  consideration  involved 
the  highest  flights  of  chemis^,  physics,  and  opaque  microscopy.  In  fact,  it  might 
well  to  that  the  answer  to  the  question, '  What  is  steel  P '  would  be  involved  in 
the  answer  to  the  question, '  What  is  crystalline  matter  ? ' 

A.  E.  Shipley,  F.R.S.  :  Fly-borne  Diseases,  Malaria,  Ac, 

The  popular  title  of  the  lecture  delivered  by  Mr.  A.  E.  Shipley  at  Pretoria  was 
'The  Infinite  Torment  of  Flies.'  The  lecturer  began  by  referring  to  certain 
diseases,  such  as  plague,  cholera,  &c.,  which  are  mechanically  conveyed  by  fiies 
from  the  sick  to  the  healthy,  and  tben  passed  on  to  consider  those  pathogenic 
organisms  which  pass  some  part  of  their  life-history  within  the  body  of  fiies,  gnats, 
&c.  He  discussed  the  habits  of  the  disease-carrying  Diptera,  and  describe  the 
various  phases  the  parasites  pass  through  both  in  man  and  in  the  insects ;  and  he 
dwelt  upon  the  biting  apparatus  which  enables  the  flies,  &c.,  to  pierce  the 
integument.  Filariasis,  malaria,  yellow  fever,  sleeping  sickness,  and  nagana  were 
separately  described,  and  hints  were  given  as  to  the  best  way  to  combat  these. 
In  conclusion  Mr.  Shipley  described  the  various  tick-borne  diseases— piroplasmiasis 
— the  etiology  of  whicn  has  been  so  lai^ly  worked  out  in  South  Africa. 

Arthur  R.  Hinks,  M.A.  :  Tlie  Milky  Way  and  the  Clouds  of  Magellan, 

The  stars  in  general,  and  the  coarse  clusters,  the  gaseous  nebulad,  and  fifth- 
type  stars,  are  strongly  condensed  on  the  Milky  Way  and  in  the  greater  Cloud  of 
Magellan.  The  spiral  nebulse  avoid  the  Milky  Way,  but  crowd  into  the  greater 
Magellanic  Cloua  to  meet  the  Milky  Way  constituents  with  which  they  are 
associated  nowhere  else.  This  striking  distribution  has  suggested  that  the  key  to 
the  structure  of  the  universe  will  be  found  in  the  Magellanic  Cloud.  If  we  adopt 
this  view,  we  must  suppose  that  the  universe  is  an  organic  whole,  and  that 
separative  forces  have  kept  the  stars  and  spiral  nebulae  apart  except  in  one  place. 
But  the  distributions  are  not  so  symmetrical  about  the  poles  of  the  Milky  Way 
as  to  preclude  the  alternative  hypothesis,  that  stars  and  spiral  nebulfe  are  in 
independent  clouds,  more  of  less  in  one  plane,  but  not  organised  in  one  system, 

=^'5..*  The  lectures  by  Professor  Ayrton  at  Johannedntrg  and  Sir  William 
Crookes  at  Kimherley  were  privately  printed  in  extenso.  Mr,  JRandall-MacIver's 
lecture  is  published  as  a  Report  to  the  Association  {vide  page  301). 


IV. 

South  Africa  Medal  FanJ. 

EXECUTIVE  Committee. 

Sir  George  Darwin,  K.C.B.  (Chairman).  I  Dr.  Horace  T.  Brown,  F.R.S. 
Professor  J.  Perry,  F.R.S.  (Honorary  i  Professor  W.  A.  Herdman,  J'.R.S. 

Treasurer). 
A.    Silva     White,    Esq.     (Honorary 

Secretary). 
Colonel  A.  C.  Bigg-Wither. 


Major  P.  A.  MacMahon,  F.R.S. 
H.R.  Mill,  Esq.,  D.Sc. 
F.  W.  Pavy,  Esq.,  M.D.,  F.R.S. 
Professor  E.  B.  Poulton,  F.R.S. 


In  commemoration  of  the  visit  of  the  British  Association  to  South  Africa,  a 
fund  was  raised,  on  the  initiation  of  the  President,  for  the  endowment  of  a  Medal 
and  Scholarship  or  Studentship  for  South  African  Students.  /^  ^  ^^T^ 
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The  first  Meetinff  of  the  subscribers  was  held  in  London  on  Deeember  1, 1905^ 
when  the  following  Resolution  was  adopted : — 

That  it  be  remitted  to  the  Executive  Committee  to  draw  up  definite 
recommendations  in  regard  to  the  disposal  of  the  Fund  and  the  special 
conditions  attaching  to  the  award  (including  the  design  of  a  Medal),  and 
to  report  at  a  future  meeting  of  the  Subscribers.' 

The  Executive  Committee  met  on  January  19,  1906,  when  it  was  resolved  to 
entrust  the  design  for  the  Medal  to  Mr.  Frank  Bowcher ;  and  again  on  February  2, 
to  inspect  the  designs  submitted  by  the  artist. 

At  the  Meeting  of  the  Subscribers  held  on  March  2,  the  following  Report  by 
the  Executive  Committee  was  formally  adopted ;  and  the  Council,  at  its  sitting  on 
the  same  day,  in  accepting  the  proposal  made  by  the  contributors  to  the  Fund, 
authorised  the  issue  of  a  circular-letter  inviting  additional  subscriptions  from  the 
general  membership  of  the  Association, 

Report  of  the  Executive  Committee, 

I.  The  Executive  Committee  of  the  South  Africa  Medal  Fund  have  the  hononr 
to  lay  before  the  Subscribers,  for  their  approval,  finished  sketches  by  Mr.  F. 
Bnwcher  of  obverse  and  reverse  designs  for  the  proposed  Medal,  and  to  submit  the 
following  recommendations  in  regai^  to  its  award : — 

(])  That  the  Fund,  top^ether  with  a  Die  for  the  Medal,  be  ofiered  to  the 
President  and  Council  of  the  British  Association  for  transmission  to  South 
Africa,  subject  to  the  conditions  that  follow : 

(a)  That  the  Fund  be  devoted  to  the  preparation  of  a  Die  for  a  Medal 
to  be  struck  in  bronze,  2|  inches  in  diameter;  and  that  the  balance  be 
invested  and  the  annual  mcome  held  in  trust. 

(b)  That  the  Medal  and  income  of  the  Fund  be  awarded  by  the  South 
African  Association  for  the  Advancement  of  Science /or  achievement 
and  promise  in  scientific  research  in  South  Africa, 

(ii)  That,  as  far  as  circumstances  admit,  the  award  be  made  annually. 

II.  The  Council  of  the  British  Association  have  resolved  to  add  the  balance 
(about  800/.)  of  the  special  South  Africa  Fund  to  the  South  Africa  Medal 
Fund.  Signed,  on  behalf  of  the  Committee, 

G.  H.  Dabwin,  Chairman, 


South  Africa  Medal  Fund. 
{Contributions,  jrromised  or  received,  up  to  April  30.) 


£    s.  d. 

£    s.  d. 

Acland,  H.  D. 

.      I     1    0 

Barstow,  Miss  F.  A. 

4    0    0 

Alexander,  P.  Y.    . 

.     10     0     0 

Beare,  Prof.  T.  Hudson  , 

6     5    0 

Anderson,  Miss  Mary  K. 

.      110 

Beilby,  George 

10  10    0 

Anderson,  Dr.  Tempest  . 

.       5    6    0 

Benson,  Dr.  and  Mrs.  Arthur 

5     6    0 

Armstrong,  Dr.  E.  F. 

.       1     0    0 

Bentley,  F.  W. 

10  10    0 

Atkinson,  Wm. 

.       110 

Bevan,  Rev.  J.  0.    . 

110 

Backhouse,  W.  A.  . 

.650 

Bigg-Wither,  Colonel  A.  C. 

10    0 

Backlund,  Dr.  0.    . 

6     6    0 

Bigg-Wither,  Mrs. . 

10    0 

Baker,  Sir  Benjamin 

.     52  10    0 

Birley,  Miss  C.        . 

2    2    0 

Balfour,  Arthur  James  ( 

Presi- 

Black,  Surg.-Major  W.  G. 

2    2    0 

dent  1904)  . 

.      6    0    0 

Blamires,  Joseph    . 

.     10  10    0 

Barcroft,  J.    . 

.       2    2    0 

Bohr,  Prof.  Christian      . 

3    3    0 

Barnard,  Dr.  Annie  T.    , 

.110 

Bolton,  John  . 

1     1    0 

Barnard,  M^lllam  . 

.      2    2    0 

Borns,  Dr.  H. . 

1     1    0 
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£   9.  d. 

£   i.  d. 

Bottomley.  Dr.  J.  T.      . 

5    5    0 

Gardiner,  J.  H.  .   .        •        i 

I    1    0 

Bottomley,  Mrs.     .        . 

2    2    0 

Gaskell,  Dr.  W.  H.    .   .    .    . 

5    0    0 

Boalenger,  0.  A.    . 

2    2    0 

Gray,  Robert  Kay  ... 

5    0    0 

Bowley,  A.  L. 

2    2    0 

Green,  Prof.  J.  Reynolds 

2    2    0 

Bowman,  H.  L.       . 

2    2    0 

Gregory,  Prof.  J.  W.      . 

3    8    0 

Boys,  C.  Vernon 

10  10    0 

Gregory,  R.  P. 

1     1     0 

Bremner,  R.  S.  and  Stanley 

1  n    6 

Haddon,  Dr.  A.  C. . 

5     5     0 

Briggs.  Dr.  W.       .        .        . 

5    5    0 

Hall,  A.  D 

2    2    0 

Brown,  A.  R.  . 

110 

Halliburton,  Prof.  W.  D. 

3     3    0 

Brown,  Prof.  Ernest  W. 

5    5    0 

Hammond,  Robert . 

1     1     0 

Brown,  Dr.  Horace  T.    . 

5    5    0 

Harmer,  Dr.  S.  F.  . 

5    5    0 

Browne,  J.  Stark    . 

2    2    0 

Harrison,  Rev.  S.  N. 

1     I     0 

Bruce,  Colonel  David     . 

2    2    0 

Hartland,  E.  Sidney 

3     3    0 

Bnmton,  Sir  Lauder 

10  10    0 

Haraer,  Prof.  Paul 

5    5    0 

Brunton,  Lady 

10  10    0 

Henderson,  Prof.  G.  Q.  . 

1     1     0 

Bryan,  Prof.  G.  H. 

10    0 

Herbertson,  Dr.  A.  J.     . 

2     2    0 

Burbury,  S.  H. 

10  10    0 

Herdman,  Prof.  W.  A.  (Gen 

20    0    0 

Sec.)  .... 

5     5    0 

Campbell,  Prof .  D.  H.    . 

2    2    0 

Hervey,  Miss  Biary  F.*S. 

.      5     6    0 

Cannan,  Gilbert      . 

1     1    0 

Hicks,  Prof.  W.  M. 

5    0    0 

Garhart,  Prof.  H.  S. 

2    2    0 

Hindle,  J.  H.          .        . 

1     1     0 

Ghallenor,  Bromley,  jun. 

1     1    0 

Hinks,  A.  R 

2     2    0 

Cheesman,  W.  N.  . 

2    2    0 

Hobson,  Bernard    . 

1     1     0 

Cleland,  Prol  John 

6     6    0 

Hopkins,  C.  Hadley 

6     6    0 

Gleland,  Mrs. . 

;    1    0 

Hopkinson,  Mrs.    . 

.     10  10    0 

Cleland,  JR. 

1     1     0 

Hudson,  Prof.  W.  H.  H. 

.      3    3    0 

Cole,  Prof.  Grenville  A.  J. 

3    3    0 

Hutchinson,  Arthur 

.220 

Coleman,  Dr.  A.  P. 

2     2    0 

Jaoobson,  N.  . 

.      2    2    0 

Cordier,  Prof.  Henri 

.230 

Jaff^,  Arthur  . 

.       1     1     0 

Creak,  Captain  Kttrick,  R.N 

6    5    0 

Jeans,  J.  H.   . 

.220 

Croft,  Miss  Mary  L.       . 

.110 

Jeyes,  Miss  G.        .        . 

.       2     2    0 

Crookes.  Sir  William  (Presi- 

Joly, Prof.  C.  J.      ... 

.      6    6    0 

dent  1898)  . 

.     10  10    0 

Jones,  Evan   . 

2     2    0 

Crookes,  Lady 

6    5    0 

Jones,  Miss  Parnell 

1     0    0 

Cunliffe,  Peter  G.  . 

6     5    0 

Judd.  Miss  Hilda  M.      . 

.220 

Cunningham,  Rev.  Dr.  W. 

.       5     6    0 

Kapteyn,  Prof.  J.  C. 

.      2    2    0 

Daniel,  Miss  A.  M. 

1     1     0 

Kelvin,  Lord  and  Jjady  . 

6    0    0 

Darwin,  Erasmus  . 

.      2    0    0 

Kincaid,  Major-General  an<] 

Darwin,  Sir   George    (Presi 

Mrs 

.       110 

dent)  .... 

.     10  10    0 

Enightley,  Tjady,  of  Fawsle^ 

r        2      2      0 

Darwin,  Lady 

.      2    2    0 

Lamplugh,  G.  W.   . 

.320 

Davis,  Prof.  W.  M. 

2    0    0 

Leech,  Sir  Bosdin  . 

.      2    2    0 

Divers,  Dr.  Edward 

.220 

Lees,  Mrs.  A.  P.     . 

.       3     3     0 

Dixon,  Prof.  A.  C.  . 

.      3    3    0 

Lees,  Dr.  Charles  H. 

.       1     1     0 

Dixon,  Captain  George  . 

6    5    0 

Lister,  Lord  . 

.     10    0    0 

Dixon,  Prof.  Harold  B.  . 

.550 

Lomas,  J. 

.       1     1     0 

Donner,  Prof.  Anders     . 

.      6     6    0 

Longstaff,  Dr.  G.  B. 

.    20    0    0 

Drew,  H.  W. 

.       1     1     0 

Luschan,  Prof,  von 

.       3     3     0 

Bngler,  Prof.  A.      , 

2    2    0 

Macallum,  Prof.  A.  B.    . 

2    0    0 

Evans,  A.  H.  .        , 

2    0    0 

Macaulay,  W.  H.    . 

.     10    0    0 

Faulkner,  J.  M.      . 

.      3    3    0 

Maccall.  W.  T. 

.110 

Feilden,  Colonel  H.  W. 

.220 

McCulloch,  Principal  J.  D. 

.      3    3    0 

Ferrar,  H.  T.  . 

.       1     1     0 

McKendrick,  Prof.  J.  G. 

.200 

•FindUy,  Alex.        .        . 

.       1     1     0 

MacMahon,  Major  P.  A.  (Gen 

Fleming,  James 

.330 

Sec.)  .... 

!      6     5    0 

Fletcher,  G.  . 

.       2    2    0 

Magenis,  Lady  Louisa  . 

.       5    0    0 

Forster,  Dr.  M.  0.  . 

.       1     1     0 

Marshall,  Dr.  Hugh 

.220 

Forsyth,  Prof.  A.  R. 

.560 

Marahall.  W.  Bayley      . 

.      2     2    0 

Fowlds,  H.     . 

1     1     0 

Massy,  Miss  M.       . 

.       1     0    0 

Fox,  F.  Douglas  and  Mrs. 

10  10    0 

Maylard,  A.  Ernest 

.220 

Freshfleld,  Douglas 

.     10  10    0 

Mellor,  G.  H. . 

.      2    2    0 

Fry,  W..  jun.  .        .        . 

.550 

Meredith,  H.O.      .        .        , 
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£ 

s,  d. 

Miers,  Prof.  H.  A.  • 

.      6 

5    0 

Seward,  A.  0. 

.       5 

5    D 

Mill,  Dr.  H.  R.       . 

.      3 

3    0 

Shenstone,  Frederick  S. 

.      2 

2    0 

Milne,  John   .       • 

.      2 

2    0 

Shickle.  Rev.  C.  W. 

.      1 

1     0 

Moncrieff,  Sir  Colin  and 

Lady 

Shipley,  A.  E. 

.       5 

6     0 

Scott  . 

.    1.5  15    0 

Siemens,  Alexander 

.     10  10    0 

Moore,  Brian . 

.      1 

1     0 

Simpson,  Dr.  J.  Y. 

.       8 

3     0 

Moore,  T.  H.  .        . 

.      2 

2    0 

Simpson,  Thomas  . 

5 

5     0 

Morgan,  Miss  A.     . 

.      1 

1     0 

Sitter,  Dr.  W.  de    . 

2 

2     C 

Murray.  Dr.  J.  A.  H. 

.      3 

3    0 

Sjogren,  Prof.  H.    .        . 

3 

3     0 

Neild,  Charles       . 

•      6 

5    0 

Smedley,  Miss  1.     . 

1 

1     0 

Oldham,  H.  Yule   . 

.       2 

2    0 

Sollas,  Prof.  W.  J. 

5 

5     0 

Orpen,  Lieut.-Colonel  R. 

T.     .      3 

3    0 

Stephens,  W.  Hudson     . 

.      6 

0    0 

Orpen,  Rev.  T.  H.  • 

.      3 

3     0 

Swan,  Sir  J.  Wilson  and  Uias 

6 

6     0 

Page,  Miss  B.  I.     .        < 

.       1 

0    0 

Tanner,  Miss  Ellen  G.    . 

3 

3     0 

Parkin,  John          .        , 

.       5 

5     0 
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1887.  Professor  Lewis  Boss.     Dudley  Observatory,  Albany,  New  York, 

U.S.A. 
1884.  Professor  H.  P.  Bowditch,  M.D.,  LL.D.    Harvard  Medical  School, 

Boston,  Massachusett-s,  U.S.A. 
1890.  Professor  Dr.  L.  Brentano.    Friedrichstrasse  11,  Munchen. 

1893.  Professor  Dr.  W.  C.  Brogger.    Universitets  Mineralogske  Institute, 

Christian  ia,  Norway. 
1887.  Professor  J.  W.  Briihl.    Heidelberg. 
1884.  Professor  George  J.  Brush.      Yale  University,  New  Haven,  Conn., 

U.S.A. 

1894.  Professor  D.  H.  Campbell.    Stanford  University,  Palo  Alto,  Oali- 

fomia,  U.S.A. 
1897.  M.  C.  de  CandoUe.    3  Cour  de  St.  Pierre,  Geneva,  Switzerland. 
1887.  Professor  G.  Capellini.    66  Via  Zamboni,  Bologna,  Itoly. 
1887.  Hofrath  Dr.  H.  Caro.    C.  8,  No.  9,  Mannheim,  Germany. 
1894.  Emile  Cartailhac.    6  rue  de  la  Chaine,  Toulouse,  France. 
1861.  Professor  Dr.  J.  Victor  Cams.    Universitatstrasse  16,  Leipzig. 
1901.  Professor  T.  C.  ChamberUn.     Chicago,  U.S.A. 
1894.  Dr.  A.  Chauveau.    7  rue  Cuvier,  Paris. 
1887.  F.   W.  Clarke.      United   States  Geological   Survey,  Washington, 

D.C.,  U.S.A. 
1873.  Professor  Guido  Cora.    Via  Goito  2,  Rome. 
1889.  W.  H.  Dall.    United  States  Geological  Survey,  Washington,  D.C., 

U.S.A. 
1901,  Dr.  Yves  Delage.    Paris. 

1872.  Professor  G.  Dewalque.    17  rue  de  la  Paix,  Lidge,  Belgium. 
1870.  Dr.  Anton  Dohm,  D.C.L.    Naples. 
1890  Professor  V.  Dwelshauvers-Dery.    4  Quai  Marcellis,  Li&ge,  Belgium. 
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876,  Professor  Alberto  Eccher.    Florence. 

894.  Professor  Dr.  W.  Einthoven.    Leiden,  Netherlands. 

2.  Professor  F.  Elfving.    Helsinfffors,  Finland. 
901.  Professor  H.  Elster.     Wolfenbiittel,  Germany. 
894.  Professor  T.  W.  W.  Engelmann,  D.O.L.    Neue  Wilhelmstrasse  16, 

Berlin,  N.W. 
901.  Professor  W.  G.  Farlow.    Harvard,  U.S.A. 
874.  Dr.  W.  Feddersen.    Oarolinenstrasse  9,  Leipzig. 

886.  Dr.  Otto  Finsch.    Alteurekring  N.  19b,  Braunschweig,  Germany. 

887.  Professor  Dr.  R.  Jittig.    Strassburg. 

894.  Professor  Wilhelm  Foerster,  D.C.L.    Encke  Platz  3a,  Berlin,  S.W.  48. 

872.  W.  de  Fonvielle.    50  rue  des  Abbesses,  Paris. 

901.  Professor  A.  P.  N.  Franchimont.    Leiden,  Netherlands. 

894.  Professor  L^on  Fredericq.    Rue  de  Pitteurs  20,  Liege,  Belgium. 
887.  Professor  Dr.  Anton  Fritach. "  66  Wenzelsplatz,  Prague,  Bohemia. 

2.  Professor  Dr.  Gustav  Fritsch.    Dorotheen  Strasse  35,  Berlin. 
881.  Professor  C.  M.  Gariel.    6  rue  Edouard  D6taille,  Paris. 

866.  Dr.  Gaudry.    7  bis  rue  des  Saints  Peres,  Paris. 
901.  Professor  Dr.  H.  Geitel.    Wolfenbiittel,  Germany. 

884.  Professor  Wolcott  Gibbs.    Newport,  Rhode  Island,  U.S.A. 

892.  Daniel  C.  Oilman.    Johns  Hopkms  University,  Baltimore,  U.S.A. 
889.  Professor  Gustave  Gilson.    TUniversit^,  Louyain,  Belgium. 

889.  A.  Gobert.    222  Ghauss^e  de  Charleroi,  Brussels. 
884  General  A.  W.    Greely,  LL.D.      War  Department,   Washington, 
U.S.A. 

2.  Dr.  C.  E.  Guillaume.    Bureau  International  des  Poids  et  Mesures, 
Pavilion  de  Breteuil,  Sevres. 

876.  Professor  Ernst  Haeckel.    Jena. 

881.  Dr.  Edwin  H.  Hall.    37  Gorham-street,  Cambridge,  Mass.,  U.S.A. 

895.  Professor  Dr.  Emil  Chr.  Hansen.  Oarlsberg  Laboratorium,  Copen* 
hagen,  Denmark. 

3.  Professor  Paul  Heger.    Rue  de  Drapiers  23,  Brussels, 

894.  Professor  Ludimar  Hermann.    Universitat,  Konigsberg,  Prussia. 
898.  Professor  Richard  Ilertwig.    Zoologisches  Institute  Alte  Akademie, 
Munich. 

893.  Professor  Hildebrand.    Stockholm. 

897.  Dr.  G.  W.  Hill.    West  Nyack,  N.Y.,  U.S.A. 

881.  Professor  A.  A.  W.  Hubrecht,  LL.D.,  C.M^.S.  The  University, 
Utrecht,  Netherlands. 

887.  Dr.  Oliver  W.  Huntington.    Oloyne  House,  Newport,  R.I.,  U.S.A. 

884.  Professor  0.  Loring  Jackson.  6  Boylston  Hall,  Cambridge,  Mas- 
sachusetts, U.S.A. 

867.  Dr.  J.  Janssen,  LL.D.    L^Observatoire,  Meudon,  Seine-et-Oise. 
876.  Ih^.  W.  J.  Janssen.    116  rue  de  Carouge,  Geneva,  Switzerland. 
881.  W.  Woolsey  Johnson,  Professor  of  Mathematics  in  the  United  States 

Naval  Academy.    82  East  Proston-street,  Baltimore,  U.S.A. 
887.  Professor  C.  Julin.    153  rue  de  Fragnde,  Li^e. 
876.  Dr.  Giuseppe  Jung.    Bastions  Vittoria  31,  Milan. 
884.  Professor  Dairoku  Kikuchi,  M.A.      Imperial   University,    Tokyo, 

Japan. 

873.  Professor  Dr.  Felix  Klein.     Wilhelm-Weberstrasse  3,  Gottingen. 

894.  Professor  Dr.  L.  Kny.    Kaiser-AUee  186-7,  Wilmersdorf,  bei  Berlin. 

896.  Professor  F.  Eohlrausch.    Marburg,  Germany. 

894.  Professor  J.  Eollmann.    St.  Johann  88,  Basel,  Switzerland. 
894.  Mazime  Kovalevsky.    13  Avenue  de  VObservatoire,  Paris,  France. 
887.  Professor  W.  Kf^Mfia,   i^eeeljeckstrasse,  17/1,  Charlottenburg,  b^i 
Berlin. 
1906.  H  r^  1 
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1877.  Dr.  Hugo  Kronecker,  Professor  of  Physiology.     Universit&t,  Bern, 

Switzerland. 
1887.  Professor  A.  Ladenbarg.    Kaiser  Wilhelmstrasse  108,  Breslau. 
1887.  Professor  J.   W.  Langley.      77    Oomell-street,   Cleveland,   Ohio, 

U.S.A. 

1882.  Dr.  S.  P.  Langley,  D.C.L.,  Secretary  of  the  Smithsonian  Institation, 

Washington,  U.S.A. 
1872.  M.  Georges  I^moine.    76  rue  Notre  Dame  des  Changes,  Paris. 
1901.  Professor  Philipp  I^nard.     Kiel. 
1887.  Professor  A.  Lieben.    IX.  Wasagasse  0,  Vienna. 

1883.  Dr.  F.  Lindemann.    Franz-Josef^rasse  12/1,  Munich. 
1877.  Dr.  M.  Lindemann.    Sennorrstrasse  62,  II,  Dresden. 
1887.  Professor  Dr.  Georg  Lunge.    Universit&t,  Zorich. 

1871.  Professor  Jacob  Ltiroth.    Mozartstrasse  10,  and  Uniyersitat,  Frdbur^- 

in-Breisgau,  Germany. 
1894.  Professor  Dr.  Otto  Maas.    Universitat,  Munich. 
1887.  Dr.  Henry  C.  McCook    3700  Chestnut-street,  Philadelphia,  U.S.A. 
1867.  Professor  Mannheim.    1  Boulevard  Beans^jour,  Paris. 
1887.  Dr.  C.  A.  Martins.     Voss  Strasse  8,  Berlin,  W. 
1890.  Professor  E.  Mascart,  Membre  de  Tlnstitut.    176  rue  de  VUniversit^, 

Paris. 
1887.  Professor  D.  I.  Mendeltefi;  D.C.L.    University,  St.  Petersburg. 
1887.  Professor  N.  Menschutkin.    St.  Petersburg. 

1884.  Professor  Albert  A.  Michelson.    The  University,  Chicago,  U.S.A. 
1887.  Dr.  Charles  Sedgwick  Minot.    Boston,  Massachusetts,  U.S.A. 
1894.  Professor  Q.  Mittag-Leffler.     Djuvsholm,  Stockholm. 

1893.  Professor  H.  Moissan.    The  Sorbonne,  Paris  (7  Rue  Vauquolin). 
1877.  Professor  V.  L.  Moissenet.     16  rue  du  Ch&teau  Paillot,  Chaumont, 

Haute  Marne,  France. 

1894.  Dr.  Edmund  von  Mojnsovics.    Strohgasse  26,  Vienna,  III/3. 

1897.  Professor  Oskar  Montelius.    St.  Paulsgatan  11,  Stockholm,  Sweden. 
1897.  Professor  E.  W.  Morley,  LL.D.    Adelbert  College,  Cleveland,  Ohio, 

U.S.A. 
1887.  E.  S.  Morse.    Peabody  Academy  of  Science,  Salem,  Mass.,  U.S. A. 

1889.  Dr.  F.  Nanseu.     Lysaker,  Norway. 

1894.  Professor    R.    Nasini.     Istituto  Ohimico  dell'  Univerut^,  Padova, 

Italy. 
1864.  Dr.  G.  Neumayer.    Deutsche  Seewarte,  Hamburg. 
1884.  Professor    Simon    Newcomb.      1620   P-street,   Washington,   D.C., 

U.S.A. 
1887.  Professor  Emilio  Noelting.    Miihlhausen,  Elsass,  Germany. 
1894.  Professor  H.  F.  Osborn.    Columbia  College,  New  York,  U.S.A. 

1894.  Baron  Osten-Sacken.    Heidelbeig. 

1890.  Professor  W.  Ostwald.    Linn^strasse  2,  Leipzig. 
1800.  Maffeo  Pantaleoni.    13  Cola  di  Rienzo,  Rome. 

1895.  Professor  F.  Pa?chen.    Universitiit,  TUbingen. 

1887.  Dr.  Pauli.    Feldbergstrasse  49,  Frankfurt  a/Main,  Germany. 

1001.  Hofrath  Professor  A.  Penck.    Marokkanergasse  12,  Vienna. 

1890.  Professor  Otto  Pettersson.    Stockhoms  Hqgskola,  Stockholm. 

1894.  Professor  W.  Pfeffer,  D.C.L.     Linn^strasse  11,  Leipzig. 

1870.  Professor  Felix  Plateau.    162  Chauss^e  de  Courtrai,  Gand,  Belfliuiu. 

1886.  Professor  F.  W.  Putnam.  Harvard  University,  Cambridge,  Maaea- 
chufietts,  U.S.A. 

1887. '^Professor  Gcoig  Quincke.  ^  Hauptstrasse  47,  Friederichsbaa,  Heidel- 
berg. 

1S68,  L.  Radlkofer,  Professor  of  Botany  in  the  University  of  Munich. 
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1896.  Profeesor   In    Remsen.     Johns   Hopkins   TJniyenitj,   Baltimore, 

U.S.A. 
18d7.  Professor  Dr.  0.  Richet.    16  rue  de  rUniversit^,  Pans,  France. 
1896.  Dr.  van  Rnckevorsel.    Parklaan  3,  Rotterdam,  Netherlands. 

1892.  Professor  Rosenthal,  M.D.    Erlangen,  Bayaria. 

1890.  A.  Lawrence  Rotch.  Blue  Hill  Obseryatory,  Readville,  Massachusetts, 
U.S.A. 

1896.  Professor  Earl  Runge.     Kaiser  Wilheimstrasse  6,  Kirchrode,  hei 

Hannoyer. 

1901.  Gen.-Major  Rykatchew.  Central  Physical  Obserratory,  St.  Peters- 
burg. 

1894.  Professor  P.  H.  Schoute.    The  Uniyersity,  Groningen,  Netherlands. 

1874.  Dr.  G.  Schweinfurth.    Potsdamerstrasse  76a,  Berlin. 

1897.  Professor  W.  B.  Scott.    Princeton,  N.J.,  U.S.A. 

1893.  Dr.  Maurits  Snellen.    Apeldoom,  Pays-Bas,  Holland. 
1887.  Professor  H.  Graf  Solms.    Botanischer  Garten,  Strassbiirg. 

1887.  Ernest  Solvay.    26  rue  du  Prince  Albert,  Brussels. 

1888.  Dr.  Alfred  Sprinffer.    812  East  2nd-street,  Cincinnati,  Ohio,  U.S.A. 

1889.  Professor  G.  Stefanescu.    Strada  Verde  8,  Bucharest,  Roumania. 
1881.  Dr.  Oyparissos  Stephanos.    The  Uniyersity,  Athens. 

1894.  Professor  E.  Strasburffer.    The  Uniyersity,  Bonn. 
1881.  Professor  Dr.  Rudolf  Sturm.    Frankelplatz  9,  Breslau. 
1887.  Dr.  T.  M.  Treub.    Buitenzorg,  Jaya. 

1887.  Professor  John  Trowbridge.    Haryard  Uniyersity,  Oambridge,  Massa- 
chusetts,  U.S.A. 
Arminius  Vfimb^ry,  Professor  of  Oriental  Languages  in  the  Uniyersity 
of  Pesth,  Himgary. 

1890.  Professor  Dr.  J.  H.  yan't  Hoff.    UUandstrasse  2,  Charlottenburg, 

Berlin. 
1889.  Wladimir  Vemadsky.    Mineralogical  Museum,  Moscow. 

1886.  Professor  Jules  Vuylsteke.    21  rue  Belliard,  Brussels,  Belgium. 

1887.  Professor  H.  F.  Weber.    Zurich. 

1887.  Profeesor  Dr.  Leonhard  Weber.    Moltke  Strasse  60,  Kiel. 

1887.  Professor  Aiupist  Weismann.    Freiburg-in-Breisgau,  Baden. 

1887.  Dr.  H.  0.  White.    Athens,  Georgia,  U.S.A. 

1881.  Professor  H.  M.  Whitney.    Branford,  Oonn.,  U.S.A. 

1887.  Professor  E.  Wiedemann.    Erlangen.    (O/o  T.  A.  Barth,  Johannis- 

gasse,  Leipziff.) 
1887.  Professor  Dr.  R.  Wiedersheim.  Hansastrasse  3,  Freiburg-im-Breisgau, 

Baden. 
1887.  Dr.  Otto  N.  Witt.    21  Siegmundshof,  Berlin.  N.W.    23. 
1876.  Professor  Adolph  Wiillner.    Aureliusstrasse  9,  Aachen. 
1887.  Professor  0.  A.  Young.    Hanover,  New  Hampshire,  U.S.A. 
1896.  Professor  E.  Zacharias.    Botanischer  Garten,  Hamburg. 
1887.  Professor  F.  Zirkel.    Thalstrasse  33,  Leipzig. 
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Belfast;  Queen's  College. 
Birmingham,  Midland  Institute. 
Bradford,  Philosophical  Society. 
Brighton  Pahlic  Lihrar^. 
Bristol  Naturalists'  Society. 

,  The  Museum. 

Cambridge  Philosophical  Society. 
Cardiff,  University  College. 
Chatham,  Royal  Engineers'  Institute. 
Cornwall,  Royal  Geological  Society  of. 
Dublin,  Geological  Survey  of  Ireland. 
,  Royal  College  of  Sui^eons  in 

Ireland. 
,  Royal    Geological  Society  of 

Ireland. 

,  Royal  Irish  Academy. 

,  Royal  Society  of. 

Dundee,  university  College. 
Edinburgh,  Royal  Society  of. 

,  Royal  Medical  Society  of. 

,  Scottish  Society  of  Arts. 

Exeter,  Albert  Memorial  Museum. 
Gla^ow  Philosophical  Society. 
,  Institution    of  Engineers    and 

Shipbuilders  in  Scotland. 
Leeds,  Institute  of  Science. 
,     Philosophical     and    literary 

Society  of. 
Liverpool,  Free  Public  Libraiy. 

,  Royal  Institution. 

,  The  University. 

Ijondon,  Admiralty,  library  of  the. 

f  Ajithropological  Institute. 

,  Arts,  Society  of. 

,  Chemical  Society. 

,  Civil  Engineers,  Institution  of. 

,  Geological  Society. 

,  Geology,  Museum  of  Practical, 

28  Jermyn  Street. 

,  Greenwich,  Royal  Observatory. 

,  Guildhall,  library, 

— ,  King's  College. 
,  Linnean  Society. 


London,  London  Institution. 

,  Mechanical  Engineers,  Institu- 
tion of. 

,  Physical  Society. 

,  Meteorological  Office. 

,  Royal  Asiatic  Society. 

,  Royal  Astronomical  Society. 

,  Royal  College  of  Physicians. 

- — ,  Royal  College  of  Surgeons. 

,  Royal  Geographical  Society. 

,  Royal  Institution. 

,  Royal  Meteorological  Society. 

,  Royal  Society. 

,  Royal  Statistical  Society. 

,  Sanitary  Institute. 

,  United  Service  Institution. 

,  University  College. 

,  War  Office,  library. 

,  Zooloncal  Society. 

Manchester  Literary  and  Philosophical 
Society. 

,  Municipal  School  of  Technology. 

Newcastle-upon-Tyne,  literary  and 
Philosophical  Society. 

,  Public  Library. 

Norwich,  The  Free  Library. 

Nottingham,  The  Free  Library. 

Oxford,  Ashmolean  Natural  History 
Society. 

,  Radcliffe  Observatory. 

Plymouth  Institution. 

,  Marine  Biological  Association. 

Richmond,  Surrey,  National  Physical 
Laboratory  (Observatory  Depart- 
ment). 

Salford,  Ro^al  Museum  and  Library. 

Sheffield,  University  College. 

Southampton,  Hartley  Institution. 

Stonyhurst  College  Observatorr. 

Swansea,  Royal  Institution  of  South 
Wales. 

Yorkshire  Philosophical  Society. 
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